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We propose a new tensor renormalization group algorithm, Anisotropic Tensor Renormalization
Group (ATRG), for lattice models in arbitrary dimensions. The proposed method shares the same
versatility with the Higher-Order Tensor Renormalization Group (HOTRG) algorithm, i.e., it pre-
serves the lattice topology after the renormalization. In comparison with HOTRG, both of the
computation cost and the memory footprint of our method are drastically reduced, especially in
higher dimensions, by renormalizing tensors in an anisotropic way after the singular value decom-
position. We demonstrate the ability of ATRG for the square lattice and the simple cubic lattice
Ising models. Although the accuracy of the present method degrades when compared with HOTRG
of the same bond dimension, the accuracy with fixed computation time is improved greatly due to
the drastic reduction of the computation cost.
I. INTRODUCTION
Understanding critical phenomena observed univer-
sally in many-body systems is one of the central topics in
statistical physics. Due to the difficulties in solving the
many-body systems analytically, however, we often have
to rely on numerical methods, such as the Monte Carlo
method, in the investigation of such complex systems.
In recent years, on the other hand, new alternatives, the
real-space renormalization group methods, have become
popular more and more and many researches have been
conducted using these approaches. The Tensor Renor-
malization Group (TRG), proposed by Levin and Nave in
2007, calculates approximately the contraction of a ten-
sor network by using the singular value decomposition
(SVD) [1]. By representing the partition function of the
Ising models by a tensor network, the free energy for the
honeycomb or square lattice Ising models is calculated
for huge system sizes, which can be regarded virtually as
in the thermodynamic limit.
Despite the success of TRG for two-dimensional sys-
tems, it is difficult to extend TRG to higher dimensions,
because the framework of TRG is tightly related to the
two-dimensional lattice topology. In 2012, Xie et al. pro-
posed the Higher-Order Tensor Renormalization Group
(HOTRG) method, which performs the real-space renor-
malization of tensor networks based on the higher-order
singular value decomposition [2]. Unlike TRG, HOTRG
can be applied to arbitrary dimensions. Although the
computation cost of HOTRG is higher than TRG, its
accuracy is higher when we compare these two methods
with the same bond dimension χ, which is the maximum
number of the tensor indices. A lot of methods inspired
by TRG and HOTRG have been proposed [3–15], and
they have been used for examining classical and quan-
tum systems not only in the condensed matter physics
but also in the particle physics [16–31].
Although HOTRG can be applied to higher-
dimensional systems in principle, its computation cost in
the d-dimensional lattice model increases quite rapidly
as O(χ4d−1), where d is the dimension of the lattice,
as a function of bond dimension χ. Thus, it is totally
impractical to apply HOTRG for large bond dimensions
and/or high spatial dimensions. New algorithms that can
perform the real-space renormalization in general dimen-
sions with a reasonable cost are strongly demanded.
In the present paper, we propose a new TRG method,
referred to as Anisotropic Tensor Renormalization Group
(ATRG), in which the computational complexity for sys-
tems on hypercubic lattices is drastically reduced by
renormalizing tensors in an anisotropic way after the
tensor decomposition. The computation cost of ATRG
scales as O(χ2d+1), which is much lower than that of the
conventional HOTRG, O(χ4d−1), and the memory foot-
print of ATRG scales as O(χd+1), which is also much
smaller than that of HOTRG, O(χ2d).
The present paper is organized as follows. We de-
scribe the two- and three-dimensional ATRG algorithms
in Sec. II. ATRG can be applied to dimensions higher
than three in a straightforward way. In order to fur-
ther accelerate the algorithm and reduce the memory
footprint, especially in higher dimensions, we introduce
several additional techniques in Sec. III. In Sec. IV, we
calculate the free energies of the square lattice and sim-
ple cubic lattice Ising models at their critical points as
demonstrations of ATRG. Finally, we discuss the advan-
tages of out method over TRG and HOTRG in Sec. V.
II. ALGORITHMS
Let us begin with describing the ATRG algorithm
for the two-dimensional square lattice network. Here-
after, U{X}, S{X}, and V{X} represent respectively the
left isometry, the singular value matrix, the right isom-
etry of SVD of matrix X, i.e., X = U{X}S{X}V t{X} or
Xij =
∑
α S{X}ααU{X}iαV{X}jα. In ATRG, we renor-
malize two neighboring tensors in the horizontal (x) and
the vertical (y) directions alternately as in the same way
as HOTRG. The outline of ATRG renormalization step
along y direction is shown in Fig. 1.
First, four-leg tensor T with bond dimension χ is de-
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(a)
<latexit sha1_ base64="Cy2Wv74hGj6QIiUDzfho 5RQiAas=">AAADPHicpVI9TxtBEB 0fEAiBYEgTieYUyxE01hwNiAopTU q+DEgYWXfH2qy4L92tjcDiD+QPpI AmkYgU5T/Q0PAHKOhpEKIiSpoUeb u+KEosoGBXdzvzdt7sm93xkkBmiv myYPX1DzwbHHo+/GJk9OVYcXxiLY tbqS+qfhzE6YbnZiKQkagqqQKxka TCDb1ArHu77/T+elukmYyjVbWfiK 3QbUayIX1XAaoXi7VANNSU7dq1VD Z31HS9WOIKm2H3Gk5ulCgfi/F4YZ hqtE0x+dSikARFpGAH5FKGuUkOMS XAtqgDLIUlzb6gQ9LcFqIEIlygu/ g34W3maARf58wM28cpAb4UTJvKfM Ff+Y7P+Rtf8697c3VMDq1lH6vX5Y qkPvbh9crPR1khVkU7f1kPalbUoD mjVUJ7YhBdhd/ltw8+3q3ML5c7b/ kz30D/J77kM1QQtb/7J0ti+QjZy0 +a99fjoZbujUfw98xthqa+CO/XAa 5fpwlEa9d6Nfan/hj5tJ8CsXsia3 gXaXyFs3EK+sj5v2t6jbWZisMVZ4 lLCzN5Rw3RJL2hKXTNLC3Qe1qkKp S26ZhO6It1al1ZN9ZtN9Qq5JxX9M +wfvwGxFiw9w==</latexit><latexit sha1_ base64="Cy2Wv74hGj6QIiUDzfho 5RQiAas=">AAADPHicpVI9TxtBEB 0fEAiBYEgTieYUyxE01hwNiAopTU q+DEgYWXfH2qy4L92tjcDiD+QPpI AmkYgU5T/Q0PAHKOhpEKIiSpoUeb u+KEosoGBXdzvzdt7sm93xkkBmiv myYPX1DzwbHHo+/GJk9OVYcXxiLY tbqS+qfhzE6YbnZiKQkagqqQKxka TCDb1ArHu77/T+elukmYyjVbWfiK 3QbUayIX1XAaoXi7VANNSU7dq1VD Z31HS9WOIKm2H3Gk5ulCgfi/F4YZ hqtE0x+dSikARFpGAH5FKGuUkOMS XAtqgDLIUlzb6gQ9LcFqIEIlygu/ g34W3maARf58wM28cpAb4UTJvKfM Ff+Y7P+Rtf8697c3VMDq1lH6vX5Y qkPvbh9crPR1khVkU7f1kPalbUoD mjVUJ7YhBdhd/ltw8+3q3ML5c7b/ kz30D/J77kM1QQtb/7J0ti+QjZy0 +a99fjoZbujUfw98xthqa+CO/XAa 5fpwlEa9d6Nfan/hj5tJ8CsXsia3 gXaXyFs3EK+sj5v2t6jbWZisMVZ4 lLCzN5Rw3RJL2hKXTNLC3Qe1qkKp S26ZhO6It1al1ZN9ZtN9Qq5JxX9M +wfvwGxFiw9w==</latexit><latexit sha1_ base64="Cy2Wv74hGj6QIiUDzfho 5RQiAas=">AAADPHicpVI9TxtBEB 0fEAiBYEgTieYUyxE01hwNiAopTU q+DEgYWXfH2qy4L92tjcDiD+QPpI AmkYgU5T/Q0PAHKOhpEKIiSpoUeb u+KEosoGBXdzvzdt7sm93xkkBmiv myYPX1DzwbHHo+/GJk9OVYcXxiLY tbqS+qfhzE6YbnZiKQkagqqQKxka TCDb1ArHu77/T+elukmYyjVbWfiK 3QbUayIX1XAaoXi7VANNSU7dq1VD Z31HS9WOIKm2H3Gk5ulCgfi/F4YZ hqtE0x+dSikARFpGAH5FKGuUkOMS XAtqgDLIUlzb6gQ9LcFqIEIlygu/ g34W3maARf58wM28cpAb4UTJvKfM Ff+Y7P+Rtf8697c3VMDq1lH6vX5Y qkPvbh9crPR1khVkU7f1kPalbUoD mjVUJ7YhBdhd/ltw8+3q3ML5c7b/ kz30D/J77kM1QQtb/7J0ti+QjZy0 +a99fjoZbujUfw98xthqa+CO/XAa 5fpwlEa9d6Nfan/hj5tJ8CsXsia3 gXaXyFs3EK+sj5v2t6jbWZisMVZ4 lLCzN5Rw3RJL2hKXTNLC3Qe1qkKp S26ZhO6It1al1ZN9ZtN9Qq5JxX9M +wfvwGxFiw9w==</latexit><latexit sha1_ base64="Cy2Wv74hGj6QIiUDzfho 5RQiAas=">AAADPHicpVI9TxtBEB 0fEAiBYEgTieYUyxE01hwNiAopTU q+DEgYWXfH2qy4L92tjcDiD+QPpI AmkYgU5T/Q0PAHKOhpEKIiSpoUeb u+KEosoGBXdzvzdt7sm93xkkBmiv myYPX1DzwbHHo+/GJk9OVYcXxiLY tbqS+qfhzE6YbnZiKQkagqqQKxka TCDb1ArHu77/T+elukmYyjVbWfiK 3QbUayIX1XAaoXi7VANNSU7dq1VD Z31HS9WOIKm2H3Gk5ulCgfi/F4YZ hqtE0x+dSikARFpGAH5FKGuUkOMS XAtqgDLIUlzb6gQ9LcFqIEIlygu/ g34W3maARf58wM28cpAb4UTJvKfM Ff+Y7P+Rtf8697c3VMDq1lH6vX5Y qkPvbh9crPR1khVkU7f1kPalbUoD mjVUJ7YhBdhd/ltw8+3q3ML5c7b/ kz30D/J77kM1QQtb/7J0ti+QjZy0 +a99fjoZbujUfw98xthqa+CO/XAa 5fpwlEa9d6Nfan/hj5tJ8CsXsia3 gXaXyFs3EK+sj5v2t6jbWZisMVZ4 lLCzN5Rw3RJL2hKXTNLC3Qe1qkKp S26ZhO6It1al1ZN9ZtN9Qq5JxX9M +wfvwGxFiw9w==</latexit>
(b)
<latexit sha1_ base64="9cMCjxtEaXAHTo7FA7b nFrbS5CY=">AAADPHicpVI9TxtB EB0fEAiBYEgTieYUyxE01hwNiAo pTUq+DEgYWXfH2qy4L92tjcDiD+ QPpIAmkYgU5T/Q0PAHKOhpEKIiS poUebu+KEosoGBXdzvzdt7sm93x kkBmivmyYPX1DzwbHHo+/GJk9OV YcXxiLYtbqS+qfhzE6YbnZiKQka gqqQKxkaTCDb1ArHu77/T+elukm YyjVbWfiK3QbUayIX1XAaoXi7VA NNSU7dm1VDZ31HS9WOIKm2H3Gk5 ulCgfi/F4YZhqtE0x+dSikARFpG AH5FKGuUkOMSXAtqgDLIUlzb6gQ 9LcFqIEIlygu/g34W3maARf58wM 28cpAb4UTJvKfMFf+Y7P+Rtf869 7c3VMDq1lH6vX5YqkPvbh9crPR1 khVkU7f1kPalbUoDmjVUJ7YhBdh d/ltw8+3q3ML5c7b/kz30D/J77k M1QQtb/7J0ti+QjZy0+a99fjoZb ujUfw98xthqa+CO/XAa5fpwlEa9 d6Nfan/hj5tJ8CsXsia3gXaXyFs 3EK+sj5v2t6jbWZisMVZ4lLCzN5 Rw3RJL2hKXTNLC3Qe1qkKpS26Zh O6It1al1ZN9ZtN9Qq5JxX9M+wfv wGxyew+A==</latexit><latexit sha1_ base64="9cMCjxtEaXAHTo7FA7b nFrbS5CY=">AAADPHicpVI9TxtB EB0fEAiBYEgTieYUyxE01hwNiAo pTUq+DEgYWXfH2qy4L92tjcDiD+ QPpIAmkYgU5T/Q0PAHKOhpEKIiS poUebu+KEosoGBXdzvzdt7sm93x kkBmivmyYPX1DzwbHHo+/GJk9OV YcXxiLYtbqS+qfhzE6YbnZiKQka gqqQKxkaTCDb1ArHu77/T+elukm YyjVbWfiK3QbUayIX1XAaoXi7VA NNSU7dm1VDZ31HS9WOIKm2H3Gk5 ulCgfi/F4YZhqtE0x+dSikARFpG AH5FKGuUkOMSXAtqgDLIUlzb6gQ 9LcFqIEIlygu/g34W3maARf58wM 28cpAb4UTJvKfMFf+Y7P+Rtf869 7c3VMDq1lH6vX5YqkPvbh9crPR1 khVkU7f1kPalbUoDmjVUJ7YhBdh d/ltw8+3q3ML5c7b/kz30D/J77k M1QQtb/7J0ti+QjZy0+a99fjoZb ujUfw98xthqa+CO/XAa5fpwlEa9 d6Nfan/hj5tJ8CsXsia3gXaXyFs 3EK+sj5v2t6jbWZisMVZ4lLCzN5 Rw3RJL2hKXTNLC3Qe1qkKpS26Zh O6It1al1ZN9ZtN9Qq5JxX9M+wfv wGxyew+A==</latexit><latexit sha1_ base64="9cMCjxtEaXAHTo7FA7b nFrbS5CY=">AAADPHicpVI9TxtB EB0fEAiBYEgTieYUyxE01hwNiAo pTUq+DEgYWXfH2qy4L92tjcDiD+ QPpIAmkYgU5T/Q0PAHKOhpEKIiS poUebu+KEosoGBXdzvzdt7sm93x kkBmivmyYPX1DzwbHHo+/GJk9OV YcXxiLYtbqS+qfhzE6YbnZiKQka gqqQKxkaTCDb1ArHu77/T+elukm YyjVbWfiK3QbUayIX1XAaoXi7VA NNSU7dm1VDZ31HS9WOIKm2H3Gk5 ulCgfi/F4YZhqtE0x+dSikARFpG AH5FKGuUkOMSXAtqgDLIUlzb6gQ 9LcFqIEIlygu/g34W3maARf58wM 28cpAb4UTJvKfMFf+Y7P+Rtf869 7c3VMDq1lH6vX5YqkPvbh9crPR1 khVkU7f1kPalbUoDmjVUJ7YhBdh d/ltw8+3q3ML5c7b/kz30D/J77k M1QQtb/7J0ti+QjZy0+a99fjoZb ujUfw98xthqa+CO/XAa5fpwlEa9 d6Nfan/hj5tJ8CsXsia3gXaXyFs 3EK+sj5v2t6jbWZisMVZ4lLCzN5 Rw3RJL2hKXTNLC3Qe1qkKpS26Zh O6It1al1ZN9ZtN9Qq5JxX9M+wfv wGxyew+A==</latexit><latexit sha1_ base64="9cMCjxtEaXAHTo7FA7b nFrbS5CY=">AAADPHicpVI9TxtB EB0fEAiBYEgTieYUyxE01hwNiAo pTUq+DEgYWXfH2qy4L92tjcDiD+ QPpIAmkYgU5T/Q0PAHKOhpEKIiS poUebu+KEosoGBXdzvzdt7sm93x kkBmivmyYPX1DzwbHHo+/GJk9OV YcXxiLYtbqS+qfhzE6YbnZiKQka gqqQKxkaTCDb1ArHu77/T+elukm YyjVbWfiK3QbUayIX1XAaoXi7VA NNSU7dm1VDZ31HS9WOIKm2H3Gk5 ulCgfi/F4YZhqtE0x+dSikARFpG AH5FKGuUkOMSXAtqgDLIUlzb6gQ 9LcFqIEIlygu/g34W3maARf58wM 28cpAb4UTJvKfMFf+Y7P+Rtf869 7c3VMDq1lH6vX5YqkPvbh9crPR1 khVkU7f1kPalbUoDmjVUJ7YhBdh d/ltw8+3q3ML5c7b/kz30D/J77k M1QQtb/7J0ti+QjZy0+a99fjoZb ujUfw98xthqa+CO/XAa5fpwlEa9 d6Nfan/hj5tJ8CsXsia3gXaXyFs 3EK+sj5v2t6jbWZisMVZ4lLCzN5 Rw3RJL2hKXTNLC3Qe1qkKpS26Zh O6It1al1ZN9ZtN9Qq5JxX9M+wfv wGxyew+A==</latexit>
(c)
<latexit sha1_base64="qgMZn qs8p3nIx8FcHHrdpi7CALM=">AAADPHicpVI9TxtBEB0fITgEgiFNp DSnWI6gsebcgKiQ0qTkIwYkjKy7Y21W3Jfu1kZg8QfyB1JAk0hEivI faGjyB1K4TxOhVCDSpMjb9UVRYgEFu7rbmbfzZt/sjpcEMlPM/YI18 mD04Vjx0fjjicknU6XpmfUs7qS+qPtxEKebnpuJQEairqQKxGaSCjf 0ArHh7b3S+xtdkWYyjt6og0Rsh247ki3puwpQs1RqBKKlZm3fbqSyv avmmqUyV9kMe9hwcqNM+ViOpwvj1KAdismnDoUkKCIFOyCXMswtcog pAbZNPWApLGn2BR2R5nYQJRDhAt3Dvw1vK0cj+DpnZtg+TgnwpWDaV OGv/Ikv+Qt/5u/868ZcPZNDaznA6g24ImlOvX229vNOVohV0e5f1q2 aFbVowWiV0J4YRFfhD/jdw3eXa4urld5L/sAX0P+e+3yOCqLulX+6I laPkb1yr3lzPR5qGdx4BH/f3GZo6ovwfj3g+nXaQLR2rVdjf+qPkU/ 7KRB7KLKBd5HGVzgbp6CPnP+7ZthYr1UdrjorXF6q5R1VpOf0gmbRN fO0RK9pmepQ2qUTOqWP1pn1zbqwfgxCrULOeUr/DOv6N8n2sPk=</l atexit><latexit sha1_base64="qgMZn qs8p3nIx8FcHHrdpi7CALM=">AAADPHicpVI9TxtBEB0fITgEgiFNp DSnWI6gsebcgKiQ0qTkIwYkjKy7Y21W3Jfu1kZg8QfyB1JAk0hEivI faGjyB1K4TxOhVCDSpMjb9UVRYgEFu7rbmbfzZt/sjpcEMlPM/YI18 mD04Vjx0fjjicknU6XpmfUs7qS+qPtxEKebnpuJQEairqQKxGaSCjf 0ArHh7b3S+xtdkWYyjt6og0Rsh247ki3puwpQs1RqBKKlZm3fbqSyv avmmqUyV9kMe9hwcqNM+ViOpwvj1KAdismnDoUkKCIFOyCXMswtcog pAbZNPWApLGn2BR2R5nYQJRDhAt3Dvw1vK0cj+DpnZtg+TgnwpWDaV OGv/Ikv+Qt/5u/868ZcPZNDaznA6g24ImlOvX229vNOVohV0e5f1q2 aFbVowWiV0J4YRFfhD/jdw3eXa4urld5L/sAX0P+e+3yOCqLulX+6I laPkb1yr3lzPR5qGdx4BH/f3GZo6ovwfj3g+nXaQLR2rVdjf+qPkU/ 7KRB7KLKBd5HGVzgbp6CPnP+7ZthYr1UdrjorXF6q5R1VpOf0gmbRN fO0RK9pmepQ2qUTOqWP1pn1zbqwfgxCrULOeUr/DOv6N8n2sPk=</l atexit><latexit sha1_base64="qgMZn qs8p3nIx8FcHHrdpi7CALM=">AAADPHicpVI9TxtBEB0fITgEgiFNp DSnWI6gsebcgKiQ0qTkIwYkjKy7Y21W3Jfu1kZg8QfyB1JAk0hEivI faGjyB1K4TxOhVCDSpMjb9UVRYgEFu7rbmbfzZt/sjpcEMlPM/YI18 mD04Vjx0fjjicknU6XpmfUs7qS+qPtxEKebnpuJQEairqQKxGaSCjf 0ArHh7b3S+xtdkWYyjt6og0Rsh247ki3puwpQs1RqBKKlZm3fbqSyv avmmqUyV9kMe9hwcqNM+ViOpwvj1KAdismnDoUkKCIFOyCXMswtcog pAbZNPWApLGn2BR2R5nYQJRDhAt3Dvw1vK0cj+DpnZtg+TgnwpWDaV OGv/Ikv+Qt/5u/868ZcPZNDaznA6g24ImlOvX229vNOVohV0e5f1q2 aFbVowWiV0J4YRFfhD/jdw3eXa4urld5L/sAX0P+e+3yOCqLulX+6I laPkb1yr3lzPR5qGdx4BH/f3GZo6ovwfj3g+nXaQLR2rVdjf+qPkU/ 7KRB7KLKBd5HGVzgbp6CPnP+7ZthYr1UdrjorXF6q5R1VpOf0gmbRN fO0RK9pmepQ2qUTOqWP1pn1zbqwfgxCrULOeUr/DOv6N8n2sPk=</l atexit><latexit sha1_base64="qgMZn qs8p3nIx8FcHHrdpi7CALM=">AAADPHicpVI9TxtBEB0fITgEgiFNp DSnWI6gsebcgKiQ0qTkIwYkjKy7Y21W3Jfu1kZg8QfyB1JAk0hEivI faGjyB1K4TxOhVCDSpMjb9UVRYgEFu7rbmbfzZt/sjpcEMlPM/YI18 mD04Vjx0fjjicknU6XpmfUs7qS+qPtxEKebnpuJQEairqQKxGaSCjf 0ArHh7b3S+xtdkWYyjt6og0Rsh247ki3puwpQs1RqBKKlZm3fbqSyv avmmqUyV9kMe9hwcqNM+ViOpwvj1KAdismnDoUkKCIFOyCXMswtcog pAbZNPWApLGn2BR2R5nYQJRDhAt3Dvw1vK0cj+DpnZtg+TgnwpWDaV OGv/Ikv+Qt/5u/868ZcPZNDaznA6g24ImlOvX229vNOVohV0e5f1q2 aFbVowWiV0J4YRFfhD/jdw3eXa4urld5L/sAX0P+e+3yOCqLulX+6I laPkb1yr3lzPR5qGdx4BH/f3GZo6ovwfj3g+nXaQLR2rVdjf+qPkU/ 7KRB7KLKBd5HGVzgbp6CPnP+7ZthYr1UdrjorXF6q5R1VpOf0gmbRN fO0RK9pmepQ2qUTOqWP1pn1zbqwfgxCrULOeUr/DOv6N8n2sPk=</l atexit>
(d)
<latexit sha1_base64="kWFFXC /jfDm69yLcpKHZxa/MB1Q=">AAADPHicpVI9TxtBEB0fBBySgE2aSGlO WI5IY825AVEhpaHkIwYkjKy7Y21W3Jfu1kZg5Q/wByigIRJIKP8hTZr8 gRT0aRBKRUSaFHm7vihKLJIiu7rbmbfzZt/sjpcEMlPMVwVrZPTB2Hjx 4cSjx08mp0rl6fUs7qa+aPhxEKebnpuJQEaioaQKxGaSCjf0ArHh7b3S +xs9kWYyjl6rg0Rsh24nkm3puwpQq1RqBqKtZu0du5nKzq562SpVuMZm 2MOGkxsVysdyXC5MUJN2KCafuhSSoIgU7IBcyjC3yCGmBNg29YGlsKTZ F/SGNLeLKIEIF+ge/h14Wzkawdc5M8P2cUqALwXTpip/4ku+5Y/8jq/5 +725+iaH1nKA1RtwRdKaOnq29u2frBCrot1frL9qVtSmeaNVQntiEF2F P+D3Do9v1xZWq/0X/JZvoP+Mr/gDKoh6X/3zFbF6guzV/5r31+OhlsGN R/D3zW2Gpr4I79cHrl+nA0Rr13o19rP+GPm0nwKxhyKbeBdpfIWzcQr6 yPmza4aN9XrN4ZqzwpXFet5RRXpOMzSLrpmjRVqiZWpAaY9O6ZwurPfW Z+vG+jIItQo55yn9Nqy7H8zFsPo=</latexit><latexit sha1_base64="kWFFXC /jfDm69yLcpKHZxa/MB1Q=">AAADPHicpVI9TxtBEB0fBBySgE2aSGlO WI5IY825AVEhpaHkIwYkjKy7Y21W3Jfu1kZg5Q/wByigIRJIKP8hTZr8 gRT0aRBKRUSaFHm7vihKLJIiu7rbmbfzZt/sjpcEMlPMVwVrZPTB2Hjx 4cSjx08mp0rl6fUs7qa+aPhxEKebnpuJQEaioaQKxGaSCjf0ArHh7b3S +xs9kWYyjl6rg0Rsh24nkm3puwpQq1RqBqKtZu0du5nKzq562SpVuMZm 2MOGkxsVysdyXC5MUJN2KCafuhSSoIgU7IBcyjC3yCGmBNg29YGlsKTZ F/SGNLeLKIEIF+ge/h14Wzkawdc5M8P2cUqALwXTpip/4ku+5Y/8jq/5 +725+iaH1nKA1RtwRdKaOnq29u2frBCrot1frL9qVtSmeaNVQntiEF2F P+D3Do9v1xZWq/0X/JZvoP+Mr/gDKoh6X/3zFbF6guzV/5r31+OhlsGN R/D3zW2Gpr4I79cHrl+nA0Rr13o19rP+GPm0nwKxhyKbeBdpfIWzcQr6 yPmza4aN9XrN4ZqzwpXFet5RRXpOMzSLrpmjRVqiZWpAaY9O6ZwurPfW Z+vG+jIItQo55yn9Nqy7H8zFsPo=</latexit><latexit sha1_base64="kWFFXC /jfDm69yLcpKHZxa/MB1Q=">AAADPHicpVI9TxtBEB0fBBySgE2aSGlO WI5IY825AVEhpaHkIwYkjKy7Y21W3Jfu1kZg5Q/wByigIRJIKP8hTZr8 gRT0aRBKRUSaFHm7vihKLJIiu7rbmbfzZt/sjpcEMlPMVwVrZPTB2Hjx 4cSjx08mp0rl6fUs7qa+aPhxEKebnpuJQEaioaQKxGaSCjf0ArHh7b3S +xs9kWYyjl6rg0Rsh24nkm3puwpQq1RqBqKtZu0du5nKzq562SpVuMZm 2MOGkxsVysdyXC5MUJN2KCafuhSSoIgU7IBcyjC3yCGmBNg29YGlsKTZ F/SGNLeLKIEIF+ge/h14Wzkawdc5M8P2cUqALwXTpip/4ku+5Y/8jq/5 +725+iaH1nKA1RtwRdKaOnq29u2frBCrot1frL9qVtSmeaNVQntiEF2F P+D3Do9v1xZWq/0X/JZvoP+Mr/gDKoh6X/3zFbF6guzV/5r31+OhlsGN R/D3zW2Gpr4I79cHrl+nA0Rr13o19rP+GPm0nwKxhyKbeBdpfIWzcQr6 yPmza4aN9XrN4ZqzwpXFet5RRXpOMzSLrpmjRVqiZWpAaY9O6ZwurPfW Z+vG+jIItQo55yn9Nqy7H8zFsPo=</latexit><latexit sha1_base64="kWFFXC /jfDm69yLcpKHZxa/MB1Q=">AAADPHicpVI9TxtBEB0fBBySgE2aSGlO WI5IY825AVEhpaHkIwYkjKy7Y21W3Jfu1kZg5Q/wByigIRJIKP8hTZr8 gRT0aRBKRUSaFHm7vihKLJIiu7rbmbfzZt/sjpcEMlPMVwVrZPTB2Hjx 4cSjx08mp0rl6fUs7qa+aPhxEKebnpuJQEaioaQKxGaSCjf0ArHh7b3S +xs9kWYyjl6rg0Rsh24nkm3puwpQq1RqBqKtZu0du5nKzq562SpVuMZm 2MOGkxsVysdyXC5MUJN2KCafuhSSoIgU7IBcyjC3yCGmBNg29YGlsKTZ F/SGNLeLKIEIF+ge/h14Wzkawdc5M8P2cUqALwXTpip/4ku+5Y/8jq/5 +725+iaH1nKA1RtwRdKaOnq29u2frBCrot1frL9qVtSmeaNVQntiEF2F P+D3Do9v1xZWq/0X/JZvoP+Mr/gDKoh6X/3zFbF6guzV/5r31+OhlsGN R/D3zW2Gpr4I79cHrl+nA0Rr13o19rP+GPm0nwKxhyKbeBdpfIWzcQr6 yPmza4aN9XrN4ZqzwpXFet5RRXpOMzSLrpmjRVqiZWpAaY9O6ZwurPfW Z+vG+jIItQo55yn9Nqy7H8zFsPo=</latexit>
(e)
<latexit sha1_base64="fRa3S vwF6bHR+b8BqMIT0TZqjXM=">AAADPHicpVI9TxtBEB0fED5CgiENE s0pliPSWHM0oFRINCn5MiBhZN0da7PivnS3dkSs/AH+QApoQCIS4j/ Q0PAHKOhpEKIiSpoUebu+KEosSJFd3e3M23mzb3bHSwKZKebrgtXXP /BscGh45Pnoi5djxfGJtSxupb6o+nEQpxuem4lARqKqpArERpIKN/Q Cse7tLuj99bZIMxlHq2ovEVuh24xkQ/quAlQvFmuBaKhpW9i1VDZ31 Nt6scQVNsPuNZzcKFE+FuPxwgjVaJti8qlFIQmKSMEOyKUMc5McYkq AbVEHWApLmn1Bn0hzW4gSiHCB7uLfhLeZoxF8nTMzbB+nBPhSMG0q8 xWf8gNf8hnf8o9Hc3VMDq1lD6vX5YqkPrY/ufL9n6wQq6Kd36wnNSt q0JzRKqE9MYiuwu/y2x8/P6y8Wy533vAx30H/EV/zBSqI2l/9kyWxf IDs5f+aj9fjoZbujUfwP5jbDE19Ed6vA1y/ThOI1q71auxX/THyaT8 FYvdE1vAu0vgKZ+MU9JHzd9f0GmszFYcrzhKX5mfyjhqiKXpN0+iaW Zqn97RIVSht0yGd0Bfr3Lqx7qz7bqhVyDmv6I9hffsJz5Sw+w==</l atexit><latexit sha1_base64="fRa3S vwF6bHR+b8BqMIT0TZqjXM=">AAADPHicpVI9TxtBEB0fED5CgiENE s0pliPSWHM0oFRINCn5MiBhZN0da7PivnS3dkSs/AH+QApoQCIS4j/ Q0PAHKOhpEKIiSpoUebu+KEosSJFd3e3M23mzb3bHSwKZKebrgtXXP /BscGh45Pnoi5djxfGJtSxupb6o+nEQpxuem4lARqKqpArERpIKN/Q Cse7tLuj99bZIMxlHq2ovEVuh24xkQ/quAlQvFmuBaKhpW9i1VDZ31 Nt6scQVNsPuNZzcKFE+FuPxwgjVaJti8qlFIQmKSMEOyKUMc5McYkq AbVEHWApLmn1Bn0hzW4gSiHCB7uLfhLeZoxF8nTMzbB+nBPhSMG0q8 xWf8gNf8hnf8o9Hc3VMDq1lD6vX5YqkPrY/ufL9n6wQq6Kd36wnNSt q0JzRKqE9MYiuwu/y2x8/P6y8Wy533vAx30H/EV/zBSqI2l/9kyWxf IDs5f+aj9fjoZbujUfwP5jbDE19Ed6vA1y/ThOI1q71auxX/THyaT8 FYvdE1vAu0vgKZ+MU9JHzd9f0GmszFYcrzhKX5mfyjhqiKXpN0+iaW Zqn97RIVSht0yGd0Bfr3Lqx7qz7bqhVyDmv6I9hffsJz5Sw+w==</l atexit><latexit sha1_base64="fRa3S vwF6bHR+b8BqMIT0TZqjXM=">AAADPHicpVI9TxtBEB0fED5CgiENE s0pliPSWHM0oFRINCn5MiBhZN0da7PivnS3dkSs/AH+QApoQCIS4j/ Q0PAHKOhpEKIiSpoUebu+KEosSJFd3e3M23mzb3bHSwKZKebrgtXXP /BscGh45Pnoi5djxfGJtSxupb6o+nEQpxuem4lARqKqpArERpIKN/Q Cse7tLuj99bZIMxlHq2ovEVuh24xkQ/quAlQvFmuBaKhpW9i1VDZ31 Nt6scQVNsPuNZzcKFE+FuPxwgjVaJti8qlFIQmKSMEOyKUMc5McYkq AbVEHWApLmn1Bn0hzW4gSiHCB7uLfhLeZoxF8nTMzbB+nBPhSMG0q8 xWf8gNf8hnf8o9Hc3VMDq1lD6vX5YqkPrY/ufL9n6wQq6Kd36wnNSt q0JzRKqE9MYiuwu/y2x8/P6y8Wy533vAx30H/EV/zBSqI2l/9kyWxf IDs5f+aj9fjoZbujUfwP5jbDE19Ed6vA1y/ThOI1q71auxX/THyaT8 FYvdE1vAu0vgKZ+MU9JHzd9f0GmszFYcrzhKX5mfyjhqiKXpN0+iaW Zqn97RIVSht0yGd0Bfr3Lqx7qz7bqhVyDmv6I9hffsJz5Sw+w==</l atexit><latexit sha1_base64="fRa3S vwF6bHR+b8BqMIT0TZqjXM=">AAADPHicpVI9TxtBEB0fED5CgiENE s0pliPSWHM0oFRINCn5MiBhZN0da7PivnS3dkSs/AH+QApoQCIS4j/ Q0PAHKOhpEKIiSpoUebu+KEosSJFd3e3M23mzb3bHSwKZKebrgtXXP /BscGh45Pnoi5djxfGJtSxupb6o+nEQpxuem4lARqKqpArERpIKN/Q Cse7tLuj99bZIMxlHq2ovEVuh24xkQ/quAlQvFmuBaKhpW9i1VDZ31 Nt6scQVNsPuNZzcKFE+FuPxwgjVaJti8qlFIQmKSMEOyKUMc5McYkq AbVEHWApLmn1Bn0hzW4gSiHCB7uLfhLeZoxF8nTMzbB+nBPhSMG0q8 xWf8gNf8hnf8o9Hc3VMDq1lD6vX5YqkPrY/ufL9n6wQq6Kd36wnNSt q0JzRKqE9MYiuwu/y2x8/P6y8Wy533vAx30H/EV/zBSqI2l/9kyWxf IDs5f+aj9fjoZbujUfwP5jbDE19Ed6vA1y/ThOI1q71auxX/THyaT8 FYvdE1vAu0vgKZ+MU9JHzd9f0GmszFYcrzhKX5mfyjhqiKXpN0+iaW Zqn97RIVSht0yGd0Bfr3Lqx7qz7bqhVyDmv6I9hffsJz5Sw+w==</l atexit>
(f)
<latexit sha1_base64="HOC0sZ 4AYKK4dFFAej6guYcpvXg=">AAADPHicpVI9TxtBEB0fhABJwJAGieYU y4g01hwNERUSTUq+DEgYWXeXtVlxX7pbG4HFH+APpIAGJCIh/kOaNPwB CnoahKiIkiZF3q4vioJFUmRXdzvzdt7sm93xkkBmivm6YPX1Pxt4Pjg0 /OLlq5HR4tj4Wha3Ul9U/TiI0w3PzUQgI1FVUgViI0mFG3qBWPd2FvT+ elukmYyjVbWXiK3QbUayIX1XAaoXi7VANNS03bBrqWxuq7f1YokrbIbd azi5UaJ8LMZjhWGq0QeKyacWhSQoIgU7IJcyzE1yiCkBtkUdYCksafYF HZDmthAlEOEC3cG/CW8zRyP4Omdm2D5OCfClYNpU5is+5we+5Au+5R9P 5uqYHFrLHlavyxVJffRwYuX7P1khVkXbv1l/1ayoQe+MVgntiUF0FX6X 397/+LAyt1zuTPEp30H/CV/zF1QQtb/6Z0ti+QjZy/81n67HQy3dG4/g 75rbDE19Ed6vA1y/ThOI1q71auxX/THyaT8FYvdE1vAu0vgKZ+MU9JHz uGt6jbWZisMVZ4lL8zN5Rw3SJL2haXTNLM3Te1qkKpS26ZjO6JP12bqx 7qz7bqhVyDmv6Y9hffsJ0mOw/A==</latexit><latexit sha1_base64="HOC0sZ 4AYKK4dFFAej6guYcpvXg=">AAADPHicpVI9TxtBEB0fhABJwJAGieYU y4g01hwNERUSTUq+DEgYWXeXtVlxX7pbG4HFH+APpIAGJCIh/kOaNPwB CnoahKiIkiZF3q4vioJFUmRXdzvzdt7sm93xkkBmivm6YPX1Pxt4Pjg0 /OLlq5HR4tj4Wha3Ul9U/TiI0w3PzUQgI1FVUgViI0mFG3qBWPd2FvT+ elukmYyjVbWXiK3QbUayIX1XAaoXi7VANNS03bBrqWxuq7f1YokrbIbd azi5UaJ8LMZjhWGq0QeKyacWhSQoIgU7IJcyzE1yiCkBtkUdYCksafYF HZDmthAlEOEC3cG/CW8zRyP4Omdm2D5OCfClYNpU5is+5we+5Au+5R9P 5uqYHFrLHlavyxVJffRwYuX7P1khVkXbv1l/1ayoQe+MVgntiUF0FX6X 397/+LAyt1zuTPEp30H/CV/zF1QQtb/6Z0ti+QjZy/81n67HQy3dG4/g 75rbDE19Ed6vA1y/ThOI1q71auxX/THyaT8FYvdE1vAu0vgKZ+MU9JHz uGt6jbWZisMVZ4lL8zN5Rw3SJL2haXTNLM3Te1qkKpS26ZjO6JP12bqx 7qz7bqhVyDmv6Y9hffsJ0mOw/A==</latexit><latexit sha1_base64="HOC0sZ 4AYKK4dFFAej6guYcpvXg=">AAADPHicpVI9TxtBEB0fhABJwJAGieYU y4g01hwNERUSTUq+DEgYWXeXtVlxX7pbG4HFH+APpIAGJCIh/kOaNPwB CnoahKiIkiZF3q4vioJFUmRXdzvzdt7sm93xkkBmivm6YPX1Pxt4Pjg0 /OLlq5HR4tj4Wha3Ul9U/TiI0w3PzUQgI1FVUgViI0mFG3qBWPd2FvT+ elukmYyjVbWXiK3QbUayIX1XAaoXi7VANNS03bBrqWxuq7f1YokrbIbd azi5UaJ8LMZjhWGq0QeKyacWhSQoIgU7IJcyzE1yiCkBtkUdYCksafYF HZDmthAlEOEC3cG/CW8zRyP4Omdm2D5OCfClYNpU5is+5we+5Au+5R9P 5uqYHFrLHlavyxVJffRwYuX7P1khVkXbv1l/1ayoQe+MVgntiUF0FX6X 397/+LAyt1zuTPEp30H/CV/zF1QQtb/6Z0ti+QjZy/81n67HQy3dG4/g 75rbDE19Ed6vA1y/ThOI1q71auxX/THyaT8FYvdE1vAu0vgKZ+MU9JHz uGt6jbWZisMVZ4lL8zN5Rw3SJL2haXTNLM3Te1qkKpS26ZjO6JP12bqx 7qz7bqhVyDmv6Y9hffsJ0mOw/A==</latexit><latexit sha1_base64="HOC0sZ 4AYKK4dFFAej6guYcpvXg=">AAADPHicpVI9TxtBEB0fhABJwJAGieYU y4g01hwNERUSTUq+DEgYWXeXtVlxX7pbG4HFH+APpIAGJCIh/kOaNPwB CnoahKiIkiZF3q4vioJFUmRXdzvzdt7sm93xkkBmivm6YPX1Pxt4Pjg0 /OLlq5HR4tj4Wha3Ul9U/TiI0w3PzUQgI1FVUgViI0mFG3qBWPd2FvT+ elukmYyjVbWXiK3QbUayIX1XAaoXi7VANNS03bBrqWxuq7f1YokrbIbd azi5UaJ8LMZjhWGq0QeKyacWhSQoIgU7IJcyzE1yiCkBtkUdYCksafYF HZDmthAlEOEC3cG/CW8zRyP4Omdm2D5OCfClYNpU5is+5we+5Au+5R9P 5uqYHFrLHlavyxVJffRwYuX7P1khVkXbv1l/1ayoQe+MVgntiUF0FX6X 397/+LAyt1zuTPEp30H/CV/zF1QQtb/6Z0ti+QjZy/81n67HQy3dG4/g 75rbDE19Ed6vA1y/ThOI1q71auxX/THyaT8FYvdE1vAu0vgKZ+MU9JHz uGt6jbWZisMVZ4lL8zN5Rw3SJL2haXTNLM3Te1qkKpS26ZjO6JP12bqx 7qz7bqhVyDmv6Y9hffsJ0mOw/A==</latexit>
T  
<latexit sha1_base64="6rW04b eX+daZve6mDHk01q2NiPc=">AAADNHicpVK/axRBFH63/oqJmsQ0gs 3hcWJ1vE2jWAXSpExyd8nhXQy76+Qcsju77M5duCz3D1gLFpJABAux9 x+w8R+wCNiJRQjYJJAmhd/MrYge0cIZdue9b9735nszz09CmWnmw5J z6fKVq9cmrk9O3bh5a3pm9vZaFvfSQDSDOIzTlu9lIpRKNLXUoWglq fAiPxTr/vai2V/vizSTsWroQSI2Iq+r5JYMPA3oSeNp3klSGYnh5kyF a2xHedxwC6NCxViOZ0uT1KFnFFNAPYpIkCINOySPMsw2ucSUANugHF gKS9p9QUMy3B6iBCI8oNv4d+G1C1TBNzkzyw5wSogvBbNMVf7M7/iEP /F7PuLzC3PlNofRMsDqj7gi2Zx+cad+9k9WhFXT81+sv2rWtEWPrFY J7YlFTBXBiN/ffXVSf7xaze/zGz6G/gM+5I+oQPVPg7crYvU1slf/a1 5cj49aRjeu4O/Y24xsfQrvlwM3r9MFYrQbvQb7WX+MfMZPgZTHIjt4 F2l9jbNxCvrI/bNrxo21+ZrLNXeFKwvzRUdN0F26Rw/QNQ9pgZZomZ pQqugl7dG+88H54nx1vo1CnVLBmaPfhvP9B4MLrzo=</latexit><latexit sha1_base64="6rW04b eX+daZve6mDHk01q2NiPc=">AAADNHicpVK/axRBFH63/oqJmsQ0gs 3hcWJ1vE2jWAXSpExyd8nhXQy76+Qcsju77M5duCz3D1gLFpJABAux9 x+w8R+wCNiJRQjYJJAmhd/MrYge0cIZdue9b9735nszz09CmWnmw5J z6fKVq9cmrk9O3bh5a3pm9vZaFvfSQDSDOIzTlu9lIpRKNLXUoWglq fAiPxTr/vai2V/vizSTsWroQSI2Iq+r5JYMPA3oSeNp3klSGYnh5kyF a2xHedxwC6NCxViOZ0uT1KFnFFNAPYpIkCINOySPMsw2ucSUANugHF gKS9p9QUMy3B6iBCI8oNv4d+G1C1TBNzkzyw5wSogvBbNMVf7M7/iEP /F7PuLzC3PlNofRMsDqj7gi2Zx+cad+9k9WhFXT81+sv2rWtEWPrFY J7YlFTBXBiN/ffXVSf7xaze/zGz6G/gM+5I+oQPVPg7crYvU1slf/a1 5cj49aRjeu4O/Y24xsfQrvlwM3r9MFYrQbvQb7WX+MfMZPgZTHIjt4 F2l9jbNxCvrI/bNrxo21+ZrLNXeFKwvzRUdN0F26Rw/QNQ9pgZZomZ pQqugl7dG+88H54nx1vo1CnVLBmaPfhvP9B4MLrzo=</latexit><latexit sha1_base64="6rW04b eX+daZve6mDHk01q2NiPc=">AAADNHicpVK/axRBFH63/oqJmsQ0gs 3hcWJ1vE2jWAXSpExyd8nhXQy76+Qcsju77M5duCz3D1gLFpJABAux9 x+w8R+wCNiJRQjYJJAmhd/MrYge0cIZdue9b9735nszz09CmWnmw5J z6fKVq9cmrk9O3bh5a3pm9vZaFvfSQDSDOIzTlu9lIpRKNLXUoWglq fAiPxTr/vai2V/vizSTsWroQSI2Iq+r5JYMPA3oSeNp3klSGYnh5kyF a2xHedxwC6NCxViOZ0uT1KFnFFNAPYpIkCINOySPMsw2ucSUANugHF gKS9p9QUMy3B6iBCI8oNv4d+G1C1TBNzkzyw5wSogvBbNMVf7M7/iEP /F7PuLzC3PlNofRMsDqj7gi2Zx+cad+9k9WhFXT81+sv2rWtEWPrFY J7YlFTBXBiN/ffXVSf7xaze/zGz6G/gM+5I+oQPVPg7crYvU1slf/a1 5cj49aRjeu4O/Y24xsfQrvlwM3r9MFYrQbvQb7WX+MfMZPgZTHIjt4 F2l9jbNxCvrI/bNrxo21+ZrLNXeFKwvzRUdN0F26Rw/QNQ9pgZZomZ pQqugl7dG+88H54nx1vo1CnVLBmaPfhvP9B4MLrzo=</latexit><latexit sha1_base64="6rW04b eX+daZve6mDHk01q2NiPc=">AAADNHicpVK/axRBFH63/oqJmsQ0gs 3hcWJ1vE2jWAXSpExyd8nhXQy76+Qcsju77M5duCz3D1gLFpJABAux9 x+w8R+wCNiJRQjYJJAmhd/MrYge0cIZdue9b9735nszz09CmWnmw5J z6fKVq9cmrk9O3bh5a3pm9vZaFvfSQDSDOIzTlu9lIpRKNLXUoWglq fAiPxTr/vai2V/vizSTsWroQSI2Iq+r5JYMPA3oSeNp3klSGYnh5kyF a2xHedxwC6NCxViOZ0uT1KFnFFNAPYpIkCINOySPMsw2ucSUANugHF gKS9p9QUMy3B6iBCI8oNv4d+G1C1TBNzkzyw5wSogvBbNMVf7M7/iEP /F7PuLzC3PlNofRMsDqj7gi2Zx+cad+9k9WhFXT81+sv2rWtEWPrFY J7YlFTBXBiN/ffXVSf7xaze/zGz6G/gM+5I+oQPVPg7crYvU1slf/a1 5cj49aRjeu4O/Y24xsfQrvlwM3r9MFYrQbvQb7WX+MfMZPgZTHIjt4 F2l9jbNxCvrI/bNrxo21+ZrLNXeFKwvzRUdN0F26Rw/QNQ9pgZZomZ pQqugl7dG+88H54nx1vo1CnVLBmaPfhvP9B4MLrzo=</latexit>
T  
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<latexit sha1_base64="R3K5lT KGYrX3+prlQG0CU2kR68o=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQc MPpIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4 eL0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb 4d4Du78xUEWps/ShGeZqJwl6qd7VUWAItYdd6c41pCVu1CcNvzIaqMZ KNl+bwTYeIUOEPhIopDC0YwQoObfgQ5AT28GIWEFLu32FJ7DcPqMUIw Kie/z36G1VaErf5iwdO+IpMb+CzDqaciyv5VTeyxv5LN/PzDVyOayWI ddwzFV5d/bwRvvbP1kJV4PHv1h/1Wywi3tOq6b23CG2imjMHxwcnbbv rzVHt+WlfKH+F3Ii71hBOvgavVpVa8+Zvflf8+x6QtYyvvGU/r67zcT Vl/L9RsTt6/SIWO1Wr8V+1p8xn/ULIvWJyG2+i3a+4dk8hX3k/9k1k8 b6YsuXlr8qjaXFqqOmcRO3cIddcxdLWMYKOlTaw1M8w5H31jv2Pngfx 6FereJcx2/D+/QDxper2Q==</latexit><latexit sha1_base64="R3K5lT KGYrX3+prlQG0CU2kR68o=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQc MPpIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4 eL0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb 4d4Du78xUEWps/ShGeZqJwl6qd7VUWAItYdd6c41pCVu1CcNvzIaqMZ KNl+bwTYeIUOEPhIopDC0YwQoObfgQ5AT28GIWEFLu32FJ7DcPqMUIw Kie/z36G1VaErf5iwdO+IpMb+CzDqaciyv5VTeyxv5LN/PzDVyOayWI ddwzFV5d/bwRvvbP1kJV4PHv1h/1Wywi3tOq6b23CG2imjMHxwcnbbv rzVHt+WlfKH+F3Ii71hBOvgavVpVa8+Zvflf8+x6QtYyvvGU/r67zcT Vl/L9RsTt6/SIWO1Wr8V+1p8xn/ULIvWJyG2+i3a+4dk8hX3k/9k1k8 b6YsuXlr8qjaXFqqOmcRO3cIddcxdLWMYKOlTaw1M8w5H31jv2Pngfx 6FereJcx2/D+/QDxper2Q==</latexit><latexit sha1_base64="R3K5lT KGYrX3+prlQG0CU2kR68o=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQc MPpIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4 eL0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb 4d4Du78xUEWps/ShGeZqJwl6qd7VUWAItYdd6c41pCVu1CcNvzIaqMZ KNl+bwTYeIUOEPhIopDC0YwQoObfgQ5AT28GIWEFLu32FJ7DcPqMUIw Kie/z36G1VaErf5iwdO+IpMb+CzDqaciyv5VTeyxv5LN/PzDVyOayWI ddwzFV5d/bwRvvbP1kJV4PHv1h/1Wywi3tOq6b23CG2imjMHxwcnbbv rzVHt+WlfKH+F3Ii71hBOvgavVpVa8+Zvflf8+x6QtYyvvGU/r67zcT Vl/L9RsTt6/SIWO1Wr8V+1p8xn/ULIvWJyG2+i3a+4dk8hX3k/9k1k8 b6YsuXlr8qjaXFqqOmcRO3cIddcxdLWMYKOlTaw1M8w5H31jv2Pngfx 6FereJcx2/D+/QDxper2Q==</latexit><latexit sha1_base64="R3K5lT KGYrX3+prlQG0CU2kR68o=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQc MPpIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4 eL0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb 4d4Du78xUEWps/ShGeZqJwl6qd7VUWAItYdd6c41pCVu1CcNvzIaqMZ KNl+bwTYeIUOEPhIopDC0YwQoObfgQ5AT28GIWEFLu32FJ7DcPqMUIw Kie/z36G1VaErf5iwdO+IpMb+CzDqaciyv5VTeyxv5LN/PzDVyOayWI ddwzFV5d/bwRvvbP1kJV4PHv1h/1Wywi3tOq6b23CG2imjMHxwcnbbv rzVHt+WlfKH+F3Ii71hBOvgavVpVa8+Zvflf8+x6QtYyvvGU/r67zcT Vl/L9RsTt6/SIWO1Wr8V+1p8xn/ULIvWJyG2+i3a+4dk8hX3k/9k1k8 b6YsuXlr8qjaXFqqOmcRO3cIddcxdLWMYKOlTaw1M8w5H31jv2Pngfx 6FereJcx2/D+/QDxper2Q==</latexit>
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<latexit sha1_ base64="CEc0OGvA9/BJjHqGzLjb NIVSptU=">AAADLXicpVK7bhNBFD 3e8AjhkQcNEo2FZURl3U0DoopEkz KJcRIpiazdZWJG2Zd2x44cix+IRE sKKpAoEAUfQcMPpIiEaBGiDBINBW fGixBYgYIZ7c69Z+65c+7MDfNYl 0bkpOZNnTt/4eL0pZnLV65em52bX 1gvs34RqU6UxVmxGQalinWqOkabW G3mhQqSMFYb4d4Du78xUEWps/ShG eZqJwl6qd7VUWAItYddvzvXkJa4U Z80/MpooBor2XxtBtt4hAwR+kigk MLQjhGg5NyCD0FObAcjYgUt7fYV nsBy+4xSjAiI7vHfo7dVoSl9m7N0 7IinxPwKMutoyrG8llN5L2/ks3w/ M9fI5bBahlzDMVfl3dnDG+1v/2Ql XA0e/2L9VbPBLu45rZrac4fYKqIx f3BwdNq+v9Yc3ZaX8oX6X8iJvGMF 6eBr9GpVrT1n9uZ/zbPrCVnL+MZ T+vvuNhNXX8r3GxG3r9MjYrVbvRb 7WX/GfNYviNQnIrf5Ltr5hmfzFPa R/2fXTBrriy1fWv6qNJYWq46axk3 cwh12zV0sYRkr6FBpD0/xDEfeW+/ Y++B9HId6tYpzHb8N79MPyV6r2g= =</latexit><latexit sha1_ base64="CEc0OGvA9/BJjHqGzLjb NIVSptU=">AAADLXicpVK7bhNBFD 3e8AjhkQcNEo2FZURl3U0DoopEkz KJcRIpiazdZWJG2Zd2x44cix+IRE sKKpAoEAUfQcMPpIiEaBGiDBINBW fGixBYgYIZ7c69Z+65c+7MDfNYl 0bkpOZNnTt/4eL0pZnLV65em52bX 1gvs34RqU6UxVmxGQalinWqOkabW G3mhQqSMFYb4d4Du78xUEWps/ShG eZqJwl6qd7VUWAItYddvzvXkJa4U Z80/MpooBor2XxtBtt4hAwR+kigk MLQjhGg5NyCD0FObAcjYgUt7fYV nsBy+4xSjAiI7vHfo7dVoSl9m7N0 7IinxPwKMutoyrG8llN5L2/ks3w/ M9fI5bBahlzDMVfl3dnDG+1v/2Ql XA0e/2L9VbPBLu45rZrac4fYKqIx f3BwdNq+v9Yc3ZaX8oX6X8iJvGMF 6eBr9GpVrT1n9uZ/zbPrCVnL+MZ T+vvuNhNXX8r3GxG3r9MjYrVbvRb 7WX/GfNYviNQnIrf5Ltr5hmfzFPa R/2fXTBrriy1fWv6qNJYWq46axk3 cwh12zV0sYRkr6FBpD0/xDEfeW+/ Y++B9HId6tYpzHb8N79MPyV6r2g= =</latexit><latexit sha1_ base64="CEc0OGvA9/BJjHqGzLjb NIVSptU=">AAADLXicpVK7bhNBFD 3e8AjhkQcNEo2FZURl3U0DoopEkz KJcRIpiazdZWJG2Zd2x44cix+IRE sKKpAoEAUfQcMPpIiEaBGiDBINBW fGixBYgYIZ7c69Z+65c+7MDfNYl 0bkpOZNnTt/4eL0pZnLV65em52bX 1gvs34RqU6UxVmxGQalinWqOkabW G3mhQqSMFYb4d4Du78xUEWps/ShG eZqJwl6qd7VUWAItYddvzvXkJa4U Z80/MpooBor2XxtBtt4hAwR+kigk MLQjhGg5NyCD0FObAcjYgUt7fYV nsBy+4xSjAiI7vHfo7dVoSl9m7N0 7IinxPwKMutoyrG8llN5L2/ks3w/ M9fI5bBahlzDMVfl3dnDG+1v/2Ql XA0e/2L9VbPBLu45rZrac4fYKqIx f3BwdNq+v9Yc3ZaX8oX6X8iJvGMF 6eBr9GpVrT1n9uZ/zbPrCVnL+MZ T+vvuNhNXX8r3GxG3r9MjYrVbvRb 7WX/GfNYviNQnIrf5Ltr5hmfzFPa R/2fXTBrriy1fWv6qNJYWq46axk3 cwh12zV0sYRkr6FBpD0/xDEfeW+/ Y++B9HId6tYpzHb8N79MPyV6r2g= =</latexit><latexit sha1_ base64="CEc0OGvA9/BJjHqGzLjb NIVSptU=">AAADLXicpVK7bhNBFD 3e8AjhkQcNEo2FZURl3U0DoopEkz KJcRIpiazdZWJG2Zd2x44cix+IRE sKKpAoEAUfQcMPpIiEaBGiDBINBW fGixBYgYIZ7c69Z+65c+7MDfNYl 0bkpOZNnTt/4eL0pZnLV65em52bX 1gvs34RqU6UxVmxGQalinWqOkabW G3mhQqSMFYb4d4Du78xUEWps/ShG eZqJwl6qd7VUWAItYddvzvXkJa4U Z80/MpooBor2XxtBtt4hAwR+kigk MLQjhGg5NyCD0FObAcjYgUt7fYV nsBy+4xSjAiI7vHfo7dVoSl9m7N0 7IinxPwKMutoyrG8llN5L2/ks3w/ M9fI5bBahlzDMVfl3dnDG+1v/2Ql XA0e/2L9VbPBLu45rZrac4fYKqIx f3BwdNq+v9Yc3ZaX8oX6X8iJvGMF 6eBr9GpVrT1n9uZ/zbPrCVnL+MZ T+vvuNhNXX8r3GxG3r9MjYrVbvRb 7WX/GfNYviNQnIrf5Ltr5hmfzFPa R/2fXTBrriy1fWv6qNJYWq46axk3 cwh12zV0sYRkr6FBpD0/xDEfeW+/ Y++B9HId6tYpzHb8N79MPyV6r2g= =</latexit>
y1
<latexit sha1_base64="CEc0OG vA9/BJjHqGzLjbNIVSptU=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2F ZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQcMP pIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4eL 0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb4d4 Du78xUEWps/ShGeZqJwl6qd7VUWAItYddvzvXkJa4UZ80/MpooBor2Xx tBtt4hAwR+kigkMLQjhGg5NyCD0FObAcjYgUt7fYVnsBy+4xSjAiI7v Hfo7dVoSl9m7N07IinxPwKMutoyrG8llN5L2/ks3w/M9fI5bBahlzDMV fl3dnDG+1v/2QlXA0e/2L9VbPBLu45rZrac4fYKqIxf3BwdNq+v9Yc3Z aX8oX6X8iJvGMF6eBr9GpVrT1n9uZ/zbPrCVnL+MZT+vvuNhNXX8r3G xG3r9MjYrVbvRb7WX/GfNYviNQnIrf5Ltr5hmfzFPaR/2fXTBrriy1fW v6qNJYWq46axk3cwh12zV0sYRkr6FBpD0/xDEfeW+/Y++B9HId6tYpzH b8N79MPyV6r2g==</latexit><latexit sha1_base64="CEc0OG vA9/BJjHqGzLjbNIVSptU=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2F ZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQcMP pIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4eL 0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb4d4 Du78xUEWps/ShGeZqJwl6qd7VUWAItYddvzvXkJa4UZ80/MpooBor2Xx tBtt4hAwR+kigkMLQjhGg5NyCD0FObAcjYgUt7fYVnsBy+4xSjAiI7v Hfo7dVoSl9m7N07IinxPwKMutoyrG8llN5L2/ks3w/M9fI5bBahlzDMV fl3dnDG+1v/2QlXA0e/2L9VbPBLu45rZrac4fYKqIxf3BwdNq+v9Yc3Z aX8oX6X8iJvGMF6eBr9GpVrT1n9uZ/zbPrCVnL+MZT+vvuNhNXX8r3G xG3r9MjYrVbvRb7WX/GfNYviNQnIrf5Ltr5hmfzFPaR/2fXTBrriy1fW v6qNJYWq46axk3cwh12zV0sYRkr6FBpD0/xDEfeW+/Y++B9HId6tYpzH b8N79MPyV6r2g==</latexit><latexit sha1_base64="CEc0OG vA9/BJjHqGzLjbNIVSptU=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2F ZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQcMP pIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4eL 0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb4d4 Du78xUEWps/ShGeZqJwl6qd7VUWAItYddvzvXkJa4UZ80/MpooBor2Xx tBtt4hAwR+kigkMLQjhGg5NyCD0FObAcjYgUt7fYVnsBy+4xSjAiI7v Hfo7dVoSl9m7N07IinxPwKMutoyrG8llN5L2/ks3w/M9fI5bBahlzDMV fl3dnDG+1v/2QlXA0e/2L9VbPBLu45rZrac4fYKqIxf3BwdNq+v9Yc3Z aX8oX6X8iJvGMF6eBr9GpVrT1n9uZ/zbPrCVnL+MZT+vvuNhNXX8r3G xG3r9MjYrVbvRb7WX/GfNYviNQnIrf5Ltr5hmfzFPaR/2fXTBrriy1fW v6qNJYWq46axk3cwh12zV0sYRkr6FBpD0/xDEfeW+/Y++B9HId6tYpzH b8N79MPyV6r2g==</latexit><latexit sha1_base64="CEc0OG vA9/BJjHqGzLjbNIVSptU=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2F ZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQcMP pIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4eL 0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb4d4 Du78xUEWps/ShGeZqJwl6qd7VUWAItYddvzvXkJa4UZ80/MpooBor2Xx tBtt4hAwR+kigkMLQjhGg5NyCD0FObAcjYgUt7fYVnsBy+4xSjAiI7v Hfo7dVoSl9m7N07IinxPwKMutoyrG8llN5L2/ks3w/M9fI5bBahlzDMV fl3dnDG+1v/2QlXA0e/2L9VbPBLu45rZrac4fYKqIxf3BwdNq+v9Yc3Z aX8oX6X8iJvGMF6eBr9GpVrT1n9uZ/zbPrCVnL+MZT+vvuNhNXX8r3G xG3r9MjYrVbvRb7WX/GfNYviNQnIrf5Ltr5hmfzFPaR/2fXTBrriy1fW v6qNJYWq46axk3cwh12zV0sYRkr6FBpD0/xDEfeW+/Y++B9HId6tYpzH b8N79MPyV6r2g==</latexit>
y1
<latexit sha1_base64="CEc0OG vA9/BJjHqGzLjbNIVSptU=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2F ZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQcMP pIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4eL 0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb4d4 Du78xUEWps/ShGeZqJwl6qd7VUWAItYddvzvXkJa4UZ80/MpooBor2Xx tBtt4hAwR+kigkMLQjhGg5NyCD0FObAcjYgUt7fYVnsBy+4xSjAiI7v Hfo7dVoSl9m7N07IinxPwKMutoyrG8llN5L2/ks3w/M9fI5bBahlzDMV fl3dnDG+1v/2QlXA0e/2L9VbPBLu45rZrac4fYKqIxf3BwdNq+v9Yc3Z aX8oX6X8iJvGMF6eBr9GpVrT1n9uZ/zbPrCVnL+MZT+vvuNhNXX8r3G xG3r9MjYrVbvRb7WX/GfNYviNQnIrf5Ltr5hmfzFPaR/2fXTBrriy1fW v6qNJYWq46axk3cwh12zV0sYRkr6FBpD0/xDEfeW+/Y++B9HId6tYpzH b8N79MPyV6r2g==</latexit><latexit sha1_base64="CEc0OG vA9/BJjHqGzLjbNIVSptU=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2F ZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQcMP pIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4eL 0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb4d4 Du78xUEWps/ShGeZqJwl6qd7VUWAItYddvzvXkJa4UZ80/MpooBor2Xx tBtt4hAwR+kigkMLQjhGg5NyCD0FObAcjYgUt7fYVnsBy+4xSjAiI7v Hfo7dVoSl9m7N07IinxPwKMutoyrG8llN5L2/ks3w/M9fI5bBahlzDMV fl3dnDG+1v/2QlXA0e/2L9VbPBLu45rZrac4fYKqIxf3BwdNq+v9Yc3Z aX8oX6X8iJvGMF6eBr9GpVrT1n9uZ/zbPrCVnL+MZT+vvuNhNXX8r3G xG3r9MjYrVbvRb7WX/GfNYviNQnIrf5Ltr5hmfzFPaR/2fXTBrriy1fW v6qNJYWq46axk3cwh12zV0sYRkr6FBpD0/xDEfeW+/Y++B9HId6tYpzH b8N79MPyV6r2g==</latexit><latexit sha1_base64="CEc0OG vA9/BJjHqGzLjbNIVSptU=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2F ZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQcMP pIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4eL 0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb4d4 Du78xUEWps/ShGeZqJwl6qd7VUWAItYddvzvXkJa4UZ80/MpooBor2Xx tBtt4hAwR+kigkMLQjhGg5NyCD0FObAcjYgUt7fYVnsBy+4xSjAiI7v Hfo7dVoSl9m7N07IinxPwKMutoyrG8llN5L2/ks3w/M9fI5bBahlzDMV fl3dnDG+1v/2QlXA0e/2L9VbPBLu45rZrac4fYKqIxf3BwdNq+v9Yc3Z aX8oX6X8iJvGMF6eBr9GpVrT1n9uZ/zbPrCVnL+MZT+vvuNhNXX8r3G xG3r9MjYrVbvRb7WX/GfNYviNQnIrf5Ltr5hmfzFPaR/2fXTBrriy1fW v6qNJYWq46axk3cwh12zV0sYRkr6FBpD0/xDEfeW+/Y++B9HId6tYpzH b8N79MPyV6r2g==</latexit><latexit sha1_base64="CEc0OG vA9/BJjHqGzLjbNIVSptU=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2F ZURl3U0DoopEkzKJcRIpiazdZWJG2Zd2x44cix+IREsKKpAoEAUfQcMP pIiEaBGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkpOZNnTt/4eL 0pZnLV65em52bX1gvs34RqU6UxVmxGQalinWqOkabWG3mhQqSMFYb4d4 Du78xUEWps/ShGeZqJwl6qd7VUWAItYddvzvXkJa4UZ80/MpooBor2Xx tBtt4hAwR+kigkMLQjhGg5NyCD0FObAcjYgUt7fYVnsBy+4xSjAiI7v Hfo7dVoSl9m7N07IinxPwKMutoyrG8llN5L2/ks3w/M9fI5bBahlzDMV fl3dnDG+1v/2QlXA0e/2L9VbPBLu45rZrac4fYKqIxf3BwdNq+v9Yc3Z aX8oX6X8iJvGMF6eBr9GpVrT1n9uZ/zbPrCVnL+MZT+vvuNhNXX8r3G xG3r9MjYrVbvRb7WX/GfNYviNQnIrf5Ltr5hmfzFPaR/2fXTBrriy1fW v6qNJYWq46axk3cwh12zV0sYRkr6FBpD0/xDEfeW+/Y++B9HId6tYpzH b8N79MPyV6r2g==</latexit>
y2
<latexit sha1_ base64="oTZCCSMCGyTL2IXM+BdT JMPmBw4=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3XUDoopEQ 5nEOImURNbuMjGj7Eu7YyNj8QNI tKRIFSQKRMFH0PADKSIhWoQog0RD wZnxIgRWoGBGu3PvmXvunDtzwzz WpRE5rnkzZ86eOz97Ye7ipctX5hc Wl9bLbFBEqhtlcVZshkGpYp2qrt EmVpt5oYIkjNVGuHfP7m8MVVHqLH 1gRrnaSYJ+qnd1FBhCnVGv3VtoS EvcqE8bfmU0UI2VbLE2h208RIYIA yRQSGFoxwhQcm7BhyAntoMxsYKW dvsKT2G5A0YpRgRE9/jv09uq0JS+ zVk6dsRTYn4FmXU05Uhey4m8lzf yWb6fmmvsclgtI67hhKvy3vyza51 v/2QlXA0e/WL9VbPBLu44rZrac4 fYKqIJf/hk/6Rzd605vikv5Qv1H8 qxvGMF6fBr9GpVrR0we/O/5un1h KxlcuMp/cfuNhNXX8r3GxO3r9Mn YrVbvRb7WX/GfNYviNSnIrf5Ltr5 hmfzFPaR/2fXTBvr7ZYvLX9VGsv tqqNmcR03cItdcxvLuI8VdKm0j+d 4gX3vrXfkffA+TkK9WsW5it+G9+ kHzCWr2w==</latexit><latexit sha1_ base64="oTZCCSMCGyTL2IXM+BdT JMPmBw4=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3XUDoopEQ 5nEOImURNbuMjGj7Eu7YyNj8QNI tKRIFSQKRMFH0PADKSIhWoQog0RD wZnxIgRWoGBGu3PvmXvunDtzwzz WpRE5rnkzZ86eOz97Ye7ipctX5hc Wl9bLbFBEqhtlcVZshkGpYp2qrt EmVpt5oYIkjNVGuHfP7m8MVVHqLH 1gRrnaSYJ+qnd1FBhCnVGv3VtoS EvcqE8bfmU0UI2VbLE2h208RIYIA yRQSGFoxwhQcm7BhyAntoMxsYKW dvsKT2G5A0YpRgRE9/jv09uq0JS+ zVk6dsRTYn4FmXU05Uhey4m8lzf yWb6fmmvsclgtI67hhKvy3vyza51 v/2QlXA0e/WL9VbPBLu44rZrac4 fYKqIJf/hk/6Rzd605vikv5Qv1H8 qxvGMF6fBr9GpVrR0we/O/5un1h KxlcuMp/cfuNhNXX8r3GxO3r9Mn YrVbvRb7WX/GfNYviNSnIrf5Ltr5 hmfzFPaR/2fXTBvr7ZYvLX9VGsv tqqNmcR03cItdcxvLuI8VdKm0j+d 4gX3vrXfkffA+TkK9WsW5it+G9+ kHzCWr2w==</latexit><latexit sha1_ base64="oTZCCSMCGyTL2IXM+BdT JMPmBw4=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3XUDoopEQ 5nEOImURNbuMjGj7Eu7YyNj8QNI tKRIFSQKRMFH0PADKSIhWoQog0RD wZnxIgRWoGBGu3PvmXvunDtzwzz WpRE5rnkzZ86eOz97Ye7ipctX5hc Wl9bLbFBEqhtlcVZshkGpYp2qrt EmVpt5oYIkjNVGuHfP7m8MVVHqLH 1gRrnaSYJ+qnd1FBhCnVGv3VtoS EvcqE8bfmU0UI2VbLE2h208RIYIA yRQSGFoxwhQcm7BhyAntoMxsYKW dvsKT2G5A0YpRgRE9/jv09uq0JS+ zVk6dsRTYn4FmXU05Uhey4m8lzf yWb6fmmvsclgtI67hhKvy3vyza51 v/2QlXA0e/WL9VbPBLu44rZrac4 fYKqIJf/hk/6Rzd605vikv5Qv1H8 qxvGMF6fBr9GpVrR0we/O/5un1h KxlcuMp/cfuNhNXX8r3GxO3r9Mn YrVbvRb7WX/GfNYviNSnIrf5Ltr5 hmfzFPaR/2fXTBvr7ZYvLX9VGsv tqqNmcR03cItdcxvLuI8VdKm0j+d 4gX3vrXfkffA+TkK9WsW5it+G9+ kHzCWr2w==</latexit><latexit sha1_ base64="oTZCCSMCGyTL2IXM+BdT JMPmBw4=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3XUDoopEQ 5nEOImURNbuMjGj7Eu7YyNj8QNI tKRIFSQKRMFH0PADKSIhWoQog0RD wZnxIgRWoGBGu3PvmXvunDtzwzz WpRE5rnkzZ86eOz97Ye7ipctX5hc Wl9bLbFBEqhtlcVZshkGpYp2qrt EmVpt5oYIkjNVGuHfP7m8MVVHqLH 1gRrnaSYJ+qnd1FBhCnVGv3VtoS EvcqE8bfmU0UI2VbLE2h208RIYIA yRQSGFoxwhQcm7BhyAntoMxsYKW dvsKT2G5A0YpRgRE9/jv09uq0JS+ zVk6dsRTYn4FmXU05Uhey4m8lzf yWb6fmmvsclgtI67hhKvy3vyza51 v/2QlXA0e/WL9VbPBLu44rZrac4 fYKqIJf/hk/6Rzd605vikv5Qv1H8 qxvGMF6fBr9GpVrR0we/O/5un1h KxlcuMp/cfuNhNXX8r3GxO3r9Mn YrVbvRb7WX/GfNYviNSnIrf5Ltr5 hmfzFPaR/2fXTBvr7ZYvLX9VGsv tqqNmcR03cItdcxvLuI8VdKm0j+d 4gX3vrXfkffA+TkK9WsW5it+G9+ kHzCWr2w==</latexit>
y2
<latexit sha1_base64="oTZCCS MCGyTL2IXM+BdTJMPmBw4=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3XUDoopEQ5nEOImURNbuMjGj7Eu7YyNj8QNItKRIFSQKRMFH0P ADKSIhWoQog0RDwZnxIgRWoGBGu3PvmXvunDtzwzzWpRE5rnkzZ86eO z97Ye7ipctX5hcWl9bLbFBEqhtlcVZshkGpYp2qrtEmVpt5oYIkjNVG uHfP7m8MVVHqLH1gRrnaSYJ+qnd1FBhCnVGv3VtoSEvcqE8bfmU0UI2 VbLE2h208RIYIAyRQSGFoxwhQcm7BhyAntoMxsYKWdvsKT2G5A0YpRg RE9/jv09uq0JS+zVk6dsRTYn4FmXU05Uhey4m8lzfyWb6fmmvsclgtI 67hhKvy3vyza51v/2QlXA0e/WL9VbPBLu44rZrac4fYKqIJf/hk/6Rz d605vikv5Qv1H8qxvGMF6fBr9GpVrR0we/O/5un1hKxlcuMp/cfuNhN XX8r3GxO3r9MnYrVbvRb7WX/GfNYviNSnIrf5Ltr5hmfzFPaR/2fXTB vr7ZYvLX9VGsvtqqNmcR03cItdcxvLuI8VdKm0j+d4gX3vrXfkffA+T kK9WsW5it+G9+kHzCWr2w==</latexit><latexit sha1_base64="oTZCCS MCGyTL2IXM+BdTJMPmBw4=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3XUDoopEQ5nEOImURNbuMjGj7Eu7YyNj8QNItKRIFSQKRMFH0P ADKSIhWoQog0RDwZnxIgRWoGBGu3PvmXvunDtzwzzWpRE5rnkzZ86eO z97Ye7ipctX5hcWl9bLbFBEqhtlcVZshkGpYp2qrtEmVpt5oYIkjNVG uHfP7m8MVVHqLH1gRrnaSYJ+qnd1FBhCnVGv3VtoSEvcqE8bfmU0UI2 VbLE2h208RIYIAyRQSGFoxwhQcm7BhyAntoMxsYKWdvsKT2G5A0YpRg RE9/jv09uq0JS+zVk6dsRTYn4FmXU05Uhey4m8lzfyWb6fmmvsclgtI 67hhKvy3vyza51v/2QlXA0e/WL9VbPBLu44rZrac4fYKqIJf/hk/6Rz d605vikv5Qv1H8qxvGMF6fBr9GpVrR0we/O/5un1hKxlcuMp/cfuNhN XX8r3GxO3r9MnYrVbvRb7WX/GfNYviNSnIrf5Ltr5hmfzFPaR/2fXTB vr7ZYvLX9VGsvtqqNmcR03cItdcxvLuI8VdKm0j+d4gX3vrXfkffA+T kK9WsW5it+G9+kHzCWr2w==</latexit><latexit sha1_base64="oTZCCS MCGyTL2IXM+BdTJMPmBw4=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3XUDoopEQ5nEOImURNbuMjGj7Eu7YyNj8QNItKRIFSQKRMFH0P ADKSIhWoQog0RDwZnxIgRWoGBGu3PvmXvunDtzwzzWpRE5rnkzZ86eO z97Ye7ipctX5hcWl9bLbFBEqhtlcVZshkGpYp2qrtEmVpt5oYIkjNVG uHfP7m8MVVHqLH1gRrnaSYJ+qnd1FBhCnVGv3VtoSEvcqE8bfmU0UI2 VbLE2h208RIYIAyRQSGFoxwhQcm7BhyAntoMxsYKWdvsKT2G5A0YpRg RE9/jv09uq0JS+zVk6dsRTYn4FmXU05Uhey4m8lzfyWb6fmmvsclgtI 67hhKvy3vyza51v/2QlXA0e/WL9VbPBLu44rZrac4fYKqIJf/hk/6Rz d605vikv5Qv1H8qxvGMF6fBr9GpVrR0we/O/5un1hKxlcuMp/cfuNhN XX8r3GxO3r9MnYrVbvRb7WX/GfNYviNSnIrf5Ltr5hmfzFPaR/2fXTB vr7ZYvLX9VGsvtqqNmcR03cItdcxvLuI8VdKm0j+d4gX3vrXfkffA+T kK9WsW5it+G9+kHzCWr2w==</latexit><latexit sha1_base64="oTZCCS MCGyTL2IXM+BdTJMPmBw4=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3XUDoopEQ5nEOImURNbuMjGj7Eu7YyNj8QNItKRIFSQKRMFH0P ADKSIhWoQog0RDwZnxIgRWoGBGu3PvmXvunDtzwzzWpRE5rnkzZ86eO z97Ye7ipctX5hcWl9bLbFBEqhtlcVZshkGpYp2qrtEmVpt5oYIkjNVG uHfP7m8MVVHqLH1gRrnaSYJ+qnd1FBhCnVGv3VtoSEvcqE8bfmU0UI2 VbLE2h208RIYIAyRQSGFoxwhQcm7BhyAntoMxsYKWdvsKT2G5A0YpRg RE9/jv09uq0JS+zVk6dsRTYn4FmXU05Uhey4m8lzfyWb6fmmvsclgtI 67hhKvy3vyza51v/2QlXA0e/WL9VbPBLu44rZrac4fYKqIJf/hk/6Rz d605vikv5Qv1H8qxvGMF6fBr9GpVrR0we/O/5un1hKxlcuMp/cfuNhN XX8r3GxO3r9MnYrVbvRb7WX/GfNYviNSnIrf5Ltr5hmfzFPaR/2fXTB vr7ZYvLX9VGsvtqqNmcR03cItdcxvLuI8VdKm0j+d4gX3vrXfkffA+T kK9WsW5it+G9+kHzCWr2w==</latexit>
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<latexit sha1_base64="oTZCCS MCGyTL2IXM+BdTJMPmBw4=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3XUDoopEQ5nEOImURNbuMjGj7Eu7YyNj8QNItKRIFSQKRMFH0P ADKSIhWoQog0RDwZnxIgRWoGBGu3PvmXvunDtzwzzWpRE5rnkzZ86eO z97Ye7ipctX5hcWl9bLbFBEqhtlcVZshkGpYp2qrtEmVpt5oYIkjNVG uHfP7m8MVVHqLH1gRrnaSYJ+qnd1FBhCnVGv3VtoSEvcqE8bfmU0UI2 VbLE2h208RIYIAyRQSGFoxwhQcm7BhyAntoMxsYKWdvsKT2G5A0YpRg RE9/jv09uq0JS+zVk6dsRTYn4FmXU05Uhey4m8lzfyWb6fmmvsclgtI 67hhKvy3vyza51v/2QlXA0e/WL9VbPBLu44rZrac4fYKqIJf/hk/6Rz d605vikv5Qv1H8qxvGMF6fBr9GpVrR0we/O/5un1hKxlcuMp/cfuNhN XX8r3GxO3r9MnYrVbvRb7WX/GfNYviNSnIrf5Ltr5hmfzFPaR/2fXTB vr7ZYvLX9VGsvtqqNmcR03cItdcxvLuI8VdKm0j+d4gX3vrXfkffA+T kK9WsW5it+G9+kHzCWr2w==</latexit><latexit sha1_base64="oTZCCS MCGyTL2IXM+BdTJMPmBw4=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3XUDoopEQ5nEOImURNbuMjGj7Eu7YyNj8QNItKRIFSQKRMFH0P ADKSIhWoQog0RDwZnxIgRWoGBGu3PvmXvunDtzwzzWpRE5rnkzZ86eO z97Ye7ipctX5hcWl9bLbFBEqhtlcVZshkGpYp2qrtEmVpt5oYIkjNVG uHfP7m8MVVHqLH1gRrnaSYJ+qnd1FBhCnVGv3VtoSEvcqE8bfmU0UI2 VbLE2h208RIYIAyRQSGFoxwhQcm7BhyAntoMxsYKWdvsKT2G5A0YpRg RE9/jv09uq0JS+zVk6dsRTYn4FmXU05Uhey4m8lzfyWb6fmmvsclgtI 67hhKvy3vyza51v/2QlXA0e/WL9VbPBLu44rZrac4fYKqIJf/hk/6Rz d605vikv5Qv1H8qxvGMF6fBr9GpVrR0we/O/5un1hKxlcuMp/cfuNhN XX8r3GxO3r9MnYrVbvRb7WX/GfNYviNSnIrf5Ltr5hmfzFPaR/2fXTB vr7ZYvLX9VGsvtqqNmcR03cItdcxvLuI8VdKm0j+d4gX3vrXfkffA+T kK9WsW5it+G9+kHzCWr2w==</latexit><latexit sha1_base64="oTZCCS MCGyTL2IXM+BdTJMPmBw4=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3XUDoopEQ5nEOImURNbuMjGj7Eu7YyNj8QNItKRIFSQKRMFH0P ADKSIhWoQog0RDwZnxIgRWoGBGu3PvmXvunDtzwzzWpRE5rnkzZ86eO z97Ye7ipctX5hcWl9bLbFBEqhtlcVZshkGpYp2qrtEmVpt5oYIkjNVG uHfP7m8MVVHqLH1gRrnaSYJ+qnd1FBhCnVGv3VtoSEvcqE8bfmU0UI2 VbLE2h208RIYIAyRQSGFoxwhQcm7BhyAntoMxsYKWdvsKT2G5A0YpRg RE9/jv09uq0JS+zVk6dsRTYn4FmXU05Uhey4m8lzfyWb6fmmvsclgtI 67hhKvy3vyza51v/2QlXA0e/WL9VbPBLu44rZrac4fYKqIJf/hk/6Rz d605vikv5Qv1H8qxvGMF6fBr9GpVrR0we/O/5un1hKxlcuMp/cfuNhN XX8r3GxO3r9MnYrVbvRb7WX/GfNYviNSnIrf5Ltr5hmfzFPaR/2fXTB vr7ZYvLX9VGsvtqqNmcR03cItdcxvLuI8VdKm0j+d4gX3vrXfkffA+T kK9WsW5it+G9+kHzCWr2w==</latexit><latexit sha1_base64="oTZCCS MCGyTL2IXM+BdTJMPmBw4=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo2 FZURl3XUDoopEQ5nEOImURNbuMjGj7Eu7YyNj8QNItKRIFSQKRMFH0P ADKSIhWoQog0RDwZnxIgRWoGBGu3PvmXvunDtzwzzWpRE5rnkzZ86eO z97Ye7ipctX5hcWl9bLbFBEqhtlcVZshkGpYp2qrtEmVpt5oYIkjNVG uHfP7m8MVVHqLH1gRrnaSYJ+qnd1FBhCnVGv3VtoSEvcqE8bfmU0UI2 VbLE2h208RIYIAyRQSGFoxwhQcm7BhyAntoMxsYKWdvsKT2G5A0YpRg RE9/jv09uq0JS+zVk6dsRTYn4FmXU05Uhey4m8lzfyWb6fmmvsclgtI 67hhKvy3vyza51v/2QlXA0e/WL9VbPBLu44rZrac4fYKqIJf/hk/6Rz d605vikv5Qv1H8qxvGMF6fBr9GpVrR0we/O/5un1hKxlcuMp/cfuNhN XX8r3GxO3r9MnYrVbvRb7WX/GfNYviNSnIrf5Ltr5hmfzFPaR/2fXTB vr7ZYvLX9VGsvtqqNmcR03cItdcxvLuI8VdKm0j+d4gX3vrXfkffA+T kK9WsW5it+G9+kHzCWr2w==</latexit>
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<latexit sha1_ base64="JPUqx9Hpu54wLtb8y12 EcqzTkcE=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3U0TRBWJ hjKJcRIpiazdZWJG2Zd2x4Zg8QN IaZOCCiQKRMFH0PADKSJFaRGiDB INBWfGixBYgYIZ7c69Z+65c+7MD fNYl0bkqOZNnDt/4eLkpanLV65em 56ZnVsts34RqU6UxVmxHgalinWq OkabWK3nhQqSMFZr4c59u782UEW ps/Sh2c3VVhL0Ur2to8AQaj/tSn emIS1xoz5u+JXRQDWWstnaFDbxC Bki9JFAIYWhHSNAybkBH4Kc2BaGx Apa2u0rPIfl9hmlGBEQ3eG/R2+j QlP6Nmfp2BFPifkVZNbRlEN5K6f yUd7JZ/l+Zq6hy2G17HINR1yVd6 df3Gh/+ycr4Wrw+Bfrr5oNtnHXa dXUnjvEVhGN+INnB6fteyvN4W15L V+o/5UcyQdWkA6+Rm+W1cpLZm/+ 1zy7npC1jG48pf/E3Wbi6kv5fkP i9nV6RKx2q9diP+vPmM/6BZH6WO Qm30U73/BsnsI+8v/smnFjdb7lS8 tflsbifNVRk7iJW7jDrlnAIh5gC R0q7WEP+zjw3nuH3rF3Mgr1ahXn On4b3qcfw86r2A==</latexit><latexit sha1_ base64="JPUqx9Hpu54wLtb8y12 EcqzTkcE=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3U0TRBWJ hjKJcRIpiazdZWJG2Zd2x4Zg8QN IaZOCCiQKRMFH0PADKSJFaRGiDB INBWfGixBYgYIZ7c69Z+65c+7MD fNYl0bkqOZNnDt/4eLkpanLV65em 56ZnVsts34RqU6UxVmxHgalinWq OkabWK3nhQqSMFZr4c59u782UEW ps/Sh2c3VVhL0Ur2to8AQaj/tSn emIS1xoz5u+JXRQDWWstnaFDbxC Bki9JFAIYWhHSNAybkBH4Kc2BaGx Apa2u0rPIfl9hmlGBEQ3eG/R2+j QlP6Nmfp2BFPifkVZNbRlEN5K6f yUd7JZ/l+Zq6hy2G17HINR1yVd6 df3Gh/+ycr4Wrw+Bfrr5oNtnHXa dXUnjvEVhGN+INnB6fteyvN4W15L V+o/5UcyQdWkA6+Rm+W1cpLZm/+ 1zy7npC1jG48pf/E3Wbi6kv5fkP i9nV6RKx2q9diP+vPmM/6BZH6WO Qm30U73/BsnsI+8v/smnFjdb7lS8 tflsbifNVRk7iJW7jDrlnAIh5gC R0q7WEP+zjw3nuH3rF3Mgr1ahXn On4b3qcfw86r2A==</latexit><latexit sha1_ base64="JPUqx9Hpu54wLtb8y12 EcqzTkcE=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3U0TRBWJ hjKJcRIpiazdZWJG2Zd2x4Zg8QN IaZOCCiQKRMFH0PADKSJFaRGiDB INBWfGixBYgYIZ7c69Z+65c+7MD fNYl0bkqOZNnDt/4eLkpanLV65em 56ZnVsts34RqU6UxVmxHgalinWq OkabWK3nhQqSMFZr4c59u782UEW ps/Sh2c3VVhL0Ur2to8AQaj/tSn emIS1xoz5u+JXRQDWWstnaFDbxC Bki9JFAIYWhHSNAybkBH4Kc2BaGx Apa2u0rPIfl9hmlGBEQ3eG/R2+j QlP6Nmfp2BFPifkVZNbRlEN5K6f yUd7JZ/l+Zq6hy2G17HINR1yVd6 df3Gh/+ycr4Wrw+Bfrr5oNtnHXa dXUnjvEVhGN+INnB6fteyvN4W15L V+o/5UcyQdWkA6+Rm+W1cpLZm/+ 1zy7npC1jG48pf/E3Wbi6kv5fkP i9nV6RKx2q9diP+vPmM/6BZH6WO Qm30U73/BsnsI+8v/smnFjdb7lS8 tflsbifNVRk7iJW7jDrlnAIh5gC R0q7WEP+zjw3nuH3rF3Mgr1ahXn On4b3qcfw86r2A==</latexit><latexit sha1_ base64="JPUqx9Hpu54wLtb8y12 EcqzTkcE=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3U0TRBWJ hjKJcRIpiazdZWJG2Zd2x4Zg8QN IaZOCCiQKRMFH0PADKSJFaRGiDB INBWfGixBYgYIZ7c69Z+65c+7MD fNYl0bkqOZNnDt/4eLkpanLV65em 56ZnVsts34RqU6UxVmxHgalinWq OkabWK3nhQqSMFZr4c59u782UEW ps/Sh2c3VVhL0Ur2to8AQaj/tSn emIS1xoz5u+JXRQDWWstnaFDbxC Bki9JFAIYWhHSNAybkBH4Kc2BaGx Apa2u0rPIfl9hmlGBEQ3eG/R2+j QlP6Nmfp2BFPifkVZNbRlEN5K6f yUd7JZ/l+Zq6hy2G17HINR1yVd6 df3Gh/+ycr4Wrw+Bfrr5oNtnHXa dXUnjvEVhGN+INnB6fteyvN4W15L V+o/5UcyQdWkA6+Rm+W1cpLZm/+ 1zy7npC1jG48pf/E3Wbi6kv5fkP i9nV6RKx2q9diP+vPmM/6BZH6WO Qm30U73/BsnsI+8v/smnFjdb7lS8 tflsbifNVRk7iJW7jDrlnAIh5gC R0q7WEP+zjw3nuH3rF3Mgr1ahXn On4b3qcfw86r2A==</latexit>
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<latexit sha1_base64="JPUqx9 Hpu54wLtb8y12EcqzTkcE=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo 2FZURl3U0TRBWJhjKJcRIpiazdZWJG2Zd2x4Zg8QNIaZOCCiQKRMFH0 PADKSJFaRGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkqOZNnDt /4eLkpanLV65em56ZnVsts34RqU6UxVmxHgalinWqOkabWK3nhQqSM FZr4c59u782UEWps/Sh2c3VVhL0Ur2to8AQaj/tSnemIS1xoz5u+JXR QDWWstnaFDbxCBki9JFAIYWhHSNAybkBH4Kc2BaGxApa2u0rPIfl9h mlGBEQ3eG/R2+jQlP6Nmfp2BFPifkVZNbRlEN5K6fyUd7JZ/l+Zq6hy 2G17HINR1yVd6df3Gh/+ycr4Wrw+Bfrr5oNtnHXadXUnjvEVhGN+IN nB6fteyvN4W15LV+o/5UcyQdWkA6+Rm+W1cpLZm/+1zy7npC1jG48pf /E3Wbi6kv5fkPi9nV6RKx2q9diP+vPmM/6BZH6WOQm30U73/BsnsI+ 8v/smnFjdb7lS8tflsbifNVRk7iJW7jDrlnAIh5gCR0q7WEP+zjw3n uH3rF3Mgr1ahXnOn4b3qcfw86r2A==</latexit><latexit sha1_base64="JPUqx9 Hpu54wLtb8y12EcqzTkcE=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo 2FZURl3U0TRBWJhjKJcRIpiazdZWJG2Zd2x4Zg8QNIaZOCCiQKRMFH0 PADKSJFaRGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkqOZNnDt /4eLkpanLV65em56ZnVsts34RqU6UxVmxHgalinWqOkabWK3nhQqSM FZr4c59u782UEWps/Sh2c3VVhL0Ur2to8AQaj/tSnemIS1xoz5u+JXR QDWWstnaFDbxCBki9JFAIYWhHSNAybkBH4Kc2BaGxApa2u0rPIfl9h mlGBEQ3eG/R2+jQlP6Nmfp2BFPifkVZNbRlEN5K6fyUd7JZ/l+Zq6hy 2G17HINR1yVd6df3Gh/+ycr4Wrw+Bfrr5oNtnHXadXUnjvEVhGN+IN nB6fteyvN4W15LV+o/5UcyQdWkA6+Rm+W1cpLZm/+1zy7npC1jG48pf /E3Wbi6kv5fkPi9nV6RKx2q9diP+vPmM/6BZH6WOQm30U73/BsnsI+ 8v/smnFjdb7lS8tflsbifNVRk7iJW7jDrlnAIh5gCR0q7WEP+zjw3n uH3rF3Mgr1ahXnOn4b3qcfw86r2A==</latexit><latexit sha1_base64="JPUqx9 Hpu54wLtb8y12EcqzTkcE=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo 2FZURl3U0TRBWJhjKJcRIpiazdZWJG2Zd2x4Zg8QNIaZOCCiQKRMFH0 PADKSJFaRGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkqOZNnDt /4eLkpanLV65em56ZnVsts34RqU6UxVmxHgalinWqOkabWK3nhQqSM FZr4c59u782UEWps/Sh2c3VVhL0Ur2to8AQaj/tSnemIS1xoz5u+JXR QDWWstnaFDbxCBki9JFAIYWhHSNAybkBH4Kc2BaGxApa2u0rPIfl9h mlGBEQ3eG/R2+jQlP6Nmfp2BFPifkVZNbRlEN5K6fyUd7JZ/l+Zq6hy 2G17HINR1yVd6df3Gh/+ycr4Wrw+Bfrr5oNtnHXadXUnjvEVhGN+IN nB6fteyvN4W15LV+o/5UcyQdWkA6+Rm+W1cpLZm/+1zy7npC1jG48pf /E3Wbi6kv5fkPi9nV6RKx2q9diP+vPmM/6BZH6WOQm30U73/BsnsI+ 8v/smnFjdb7lS8tflsbifNVRk7iJW7jDrlnAIh5gCR0q7WEP+zjw3n uH3rF3Mgr1ahXnOn4b3qcfw86r2A==</latexit><latexit sha1_base64="JPUqx9 Hpu54wLtb8y12EcqzTkcE=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo 2FZURl3U0TRBWJhjKJcRIpiazdZWJG2Zd2x4Zg8QNIaZOCCiQKRMFH0 PADKSJFaRGiDBINBWfGixBYgYIZ7c69Z+65c+7MDfNYl0bkqOZNnDt /4eLkpanLV65em56ZnVsts34RqU6UxVmxHgalinWqOkabWK3nhQqSM FZr4c59u782UEWps/Sh2c3VVhL0Ur2to8AQaj/tSnemIS1xoz5u+JXR QDWWstnaFDbxCBki9JFAIYWhHSNAybkBH4Kc2BaGxApa2u0rPIfl9h mlGBEQ3eG/R2+jQlP6Nmfp2BFPifkVZNbRlEN5K6fyUd7JZ/l+Zq6hy 2G17HINR1yVd6df3Gh/+ycr4Wrw+Bfrr5oNtnHXadXUnjvEVhGN+IN nB6fteyvN4W15LV+o/5UcyQdWkA6+Rm+W1cpLZm/+1zy7npC1jG48pf /E3Wbi6kv5fkPi9nV6RKx2q9diP+vPmM/6BZH6WOQm30U73/BsnsI+ 8v/smnFjdb7lS8tflsbifNVRk7iJW7jDrlnAIh5gCR0q7WEP+zjw3n uH3rF3Mgr1ahXnOn4b3qcfw86r2A==</latexit>
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<latexit sha1_ base64="SFq+WKJvtfjbngtuiAS/ Kyw8iUQ=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3U0TRBWJh jKJcRIpiazdZWJG2Zd2x4Zg8QNI aZOCCiQKRMFH0PADKSJFaRGiDBIN BWfGixBYgYIZ7c69Z+65c+7MDfN Yl0bkqOZNnDt/4eLkpanLV65em56 ZnVsts34RqU6UxVmxHgalinWqOk abWK3nhQqSMFZr4c59u782UEWps/ Sh2c3VVhL0Ur2to8AQaj/t+t2Zh rTEjfq44VdGA9VYymZrU9jEI2SI0 EcChRSGdowAJecGfAhyYlsYEito abev8ByW22eUYkRAdIf/Hr2NCk3p 25ylY0c8JeZXkFlHUw7lrZzKR3k nn+X7mbmGLofVsss1HHFV3p1+caP 97Z+shKvB41+sv2o22MZdp1VTe+ 4QW0U04g+eHZy27600h7fltXyh/l dyJB9YQTr4Gr1ZVisvmb35X/Pse kLWMrrxlP4Td5uJqy/l+w2J29fp EbHarV6L/aw/Yz7rF0TqY5GbfBft fMOzeQr7yP+za8aN1fmWLy1/WRq L81VHTeImbuEOu2YBi3iAJXSotIc 97OPAe+8desfeySjUq1Wc6/hteJ 9+AMaVq9k=</latexit><latexit sha1_ base64="SFq+WKJvtfjbngtuiAS/ Kyw8iUQ=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3U0TRBWJh jKJcRIpiazdZWJG2Zd2x4Zg8QNI aZOCCiQKRMFH0PADKSJFaRGiDBIN BWfGixBYgYIZ7c69Z+65c+7MDfN Yl0bkqOZNnDt/4eLkpanLV65em56 ZnVsts34RqU6UxVmxHgalinWqOk abWK3nhQqSMFZr4c59u782UEWps/ Sh2c3VVhL0Ur2to8AQaj/t+t2Zh rTEjfq44VdGA9VYymZrU9jEI2SI0 EcChRSGdowAJecGfAhyYlsYEito abev8ByW22eUYkRAdIf/Hr2NCk3p 25ylY0c8JeZXkFlHUw7lrZzKR3k nn+X7mbmGLofVsss1HHFV3p1+caP 97Z+shKvB41+sv2o22MZdp1VTe+ 4QW0U04g+eHZy27600h7fltXyh/l dyJB9YQTr4Gr1ZVisvmb35X/Pse kLWMrrxlP4Td5uJqy/l+w2J29fp EbHarV6L/aw/Yz7rF0TqY5GbfBft fMOzeQr7yP+za8aN1fmWLy1/WRq L81VHTeImbuEOu2YBi3iAJXSotIc 97OPAe+8desfeySjUq1Wc6/hteJ 9+AMaVq9k=</latexit><latexit sha1_ base64="SFq+WKJvtfjbngtuiAS/ Kyw8iUQ=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3U0TRBWJh jKJcRIpiazdZWJG2Zd2x4Zg8QNI aZOCCiQKRMFH0PADKSJFaRGiDBIN BWfGixBYgYIZ7c69Z+65c+7MDfN Yl0bkqOZNnDt/4eLkpanLV65em56 ZnVsts34RqU6UxVmxHgalinWqOk abWK3nhQqSMFZr4c59u782UEWps/ Sh2c3VVhL0Ur2to8AQaj/t+t2Zh rTEjfq44VdGA9VYymZrU9jEI2SI0 EcChRSGdowAJecGfAhyYlsYEito abev8ByW22eUYkRAdIf/Hr2NCk3p 25ylY0c8JeZXkFlHUw7lrZzKR3k nn+X7mbmGLofVsss1HHFV3p1+caP 97Z+shKvB41+sv2o22MZdp1VTe+ 4QW0U04g+eHZy27600h7fltXyh/l dyJB9YQTr4Gr1ZVisvmb35X/Pse kLWMrrxlP4Td5uJqy/l+w2J29fp EbHarV6L/aw/Yz7rF0TqY5GbfBft fMOzeQr7yP+za8aN1fmWLy1/WRq L81VHTeImbuEOu2YBi3iAJXSotIc 97OPAe+8desfeySjUq1Wc6/hteJ 9+AMaVq9k=</latexit><latexit sha1_ base64="SFq+WKJvtfjbngtuiAS/ Kyw8iUQ=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3U0TRBWJh jKJcRIpiazdZWJG2Zd2x4Zg8QNI aZOCCiQKRMFH0PADKSJFaRGiDBIN BWfGixBYgYIZ7c69Z+65c+7MDfN Yl0bkqOZNnDt/4eLkpanLV65em56 ZnVsts34RqU6UxVmxHgalinWqOk abWK3nhQqSMFZr4c59u782UEWps/ Sh2c3VVhL0Ur2to8AQaj/t+t2Zh rTEjfq44VdGA9VYymZrU9jEI2SI0 EcChRSGdowAJecGfAhyYlsYEito abev8ByW22eUYkRAdIf/Hr2NCk3p 25ylY0c8JeZXkFlHUw7lrZzKR3k nn+X7mbmGLofVsss1HHFV3p1+caP 97Z+shKvB41+sv2o22MZdp1VTe+ 4QW0U04g+eHZy27600h7fltXyh/l dyJB9YQTr4Gr1ZVisvmb35X/Pse kLWMrrxlP4Td5uJqy/l+w2J29fp EbHarV6L/aw/Yz7rF0TqY5GbfBft fMOzeQr7yP+za8aN1fmWLy1/WRq L81VHTeImbuEOu2YBi3iAJXSotIc 97OPAe+8desfeySjUq1Wc6/hteJ 9+AMaVq9k=</latexit>
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<latexit sha1_base64="85547W gV8+1df0Zqu4GHocbj9GM=">AAADLXicpVI9bxNBEH0+vkIC5IMGicb CMqKy5twEUUWioUxinERKIuvu2JhV7kt3a0Ow+ANIaUlBBRIFouBH0P AHUkRCtAhRBomGIm/XhxBYgYJd3e3M23mzb3YnzGNdGpGjmnfm7LnzF 6YuTs9cunxldm5+Ya3MBkWkulEWZ8VGGJQq1qnqGm1itZEXKkjCWK2H u3ft/vpQFaXO0vtmL1fbSdBP9Y6OAkOo87jX7s01pCVu1CcNvzIaqMZ yNl+bxhYeIEOEARIopDC0YwQoOTfhQ5AT28aIWEFLu32Fp7DcAaMUIw Kiu/z36W1WaErf5iwdO+IpMb+CzDqacihv5Fg+yFv5Ij9OzTVyOayWP a7hmKvy3uyza53v/2QlXA0e/mL9VbPBDm47rZrac4fYKqIxf/jk4Lhz Z7U5uimv5Cv1v5Qjec8K0uG36PWKWn3B7M3/mqfXE7KW8Y2n9B+520x cfSnfb0Tcvk6fiNVu9VrsZ/0Z81m/IFKfiNziu2jnG57NU9hH/p9dM2 mstVu+tPwVaSy1q46awnXcwC12zSKWcA/L6FJpH/t4jgPvnXfoffQ+j UO9WsW5it+G9/kEyVyr2g==</latexit><latexit sha1_base64="85547W gV8+1df0Zqu4GHocbj9GM=">AAADLXicpVI9bxNBEH0+vkIC5IMGicb CMqKy5twEUUWioUxinERKIuvu2JhV7kt3a0Ow+ANIaUlBBRIFouBH0P AHUkRCtAhRBomGIm/XhxBYgYJd3e3M23mzb3YnzGNdGpGjmnfm7LnzF 6YuTs9cunxldm5+Ya3MBkWkulEWZ8VGGJQq1qnqGm1itZEXKkjCWK2H u3ft/vpQFaXO0vtmL1fbSdBP9Y6OAkOo87jX7s01pCVu1CcNvzIaqMZ yNl+bxhYeIEOEARIopDC0YwQoOTfhQ5AT28aIWEFLu32Fp7DcAaMUIw Kiu/z36W1WaErf5iwdO+IpMb+CzDqacihv5Fg+yFv5Ij9OzTVyOayWP a7hmKvy3uyza53v/2QlXA0e/mL9VbPBDm47rZrac4fYKqIxf/jk4Lhz Z7U5uimv5Cv1v5Qjec8K0uG36PWKWn3B7M3/mqfXE7KW8Y2n9B+520x cfSnfb0Tcvk6fiNVu9VrsZ/0Z81m/IFKfiNziu2jnG57NU9hH/p9dM2 mstVu+tPwVaSy1q46awnXcwC12zSKWcA/L6FJpH/t4jgPvnXfoffQ+j UO9WsW5it+G9/kEyVyr2g==</latexit><latexit sha1_base64="85547W gV8+1df0Zqu4GHocbj9GM=">AAADLXicpVI9bxNBEH0+vkIC5IMGicb CMqKy5twEUUWioUxinERKIuvu2JhV7kt3a0Ow+ANIaUlBBRIFouBH0P AHUkRCtAhRBomGIm/XhxBYgYJd3e3M23mzb3YnzGNdGpGjmnfm7LnzF 6YuTs9cunxldm5+Ya3MBkWkulEWZ8VGGJQq1qnqGm1itZEXKkjCWK2H u3ft/vpQFaXO0vtmL1fbSdBP9Y6OAkOo87jX7s01pCVu1CcNvzIaqMZ yNl+bxhYeIEOEARIopDC0YwQoOTfhQ5AT28aIWEFLu32Fp7DcAaMUIw Kiu/z36W1WaErf5iwdO+IpMb+CzDqacihv5Fg+yFv5Ij9OzTVyOayWP a7hmKvy3uyza53v/2QlXA0e/mL9VbPBDm47rZrac4fYKqIxf/jk4Lhz Z7U5uimv5Cv1v5Qjec8K0uG36PWKWn3B7M3/mqfXE7KW8Y2n9B+520x cfSnfb0Tcvk6fiNVu9VrsZ/0Z81m/IFKfiNziu2jnG57NU9hH/p9dM2 mstVu+tPwVaSy1q46awnXcwC12zSKWcA/L6FJpH/t4jgPvnXfoffQ+j UO9WsW5it+G9/kEyVyr2g==</latexit><latexit sha1_base64="85547W gV8+1df0Zqu4GHocbj9GM=">AAADLXicpVI9bxNBEH0+vkIC5IMGicb CMqKy5twEUUWioUxinERKIuvu2JhV7kt3a0Ow+ANIaUlBBRIFouBH0P AHUkRCtAhRBomGIm/XhxBYgYJd3e3M23mzb3YnzGNdGpGjmnfm7LnzF 6YuTs9cunxldm5+Ya3MBkWkulEWZ8VGGJQq1qnqGm1itZEXKkjCWK2H u3ft/vpQFaXO0vtmL1fbSdBP9Y6OAkOo87jX7s01pCVu1CcNvzIaqMZ yNl+bxhYeIEOEARIopDC0YwQoOTfhQ5AT28aIWEFLu32Fp7DcAaMUIw Kiu/z36W1WaErf5iwdO+IpMb+CzDqacihv5Fg+yFv5Ij9OzTVyOayWP a7hmKvy3uyza53v/2QlXA0e/mL9VbPBDm47rZrac4fYKqIxf/jk4Lhz Z7U5uimv5Cv1v5Qjec8K0uG36PWKWn3B7M3/mqfXE7KW8Y2n9B+520x cfSnfb0Tcvk6fiNVu9VrsZ/0Z81m/IFKfiNziu2jnG57NU9hH/p9dM2 mstVu+tPwVaSy1q46awnXcwC12zSKWcA/L6FJpH/t4jgPvnXfoffQ+j UO9WsW5it+G9/kEyVyr2g==</latexit>
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<latexit sha1_ base64="Azu7n1rFuJKuhP2H4DW sXp0Y654=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3Q0FKFWk NJRJjJNISWTtLhMzyr60O3YIVn4 AiZYUVCBRIAo+goYfSBEJ0SJEGS QaCs6MFyGwAgUz2p17z9xz59yZG +axLo3Icc2bOHP23PnJC1MXL12+M j0zO7dWZv0iUp0oi7NiIwxKFetU dYw2sdrICxUkYazWw90lu78+UEW ps/S+2c/VdhL0Ur2jo8AQaj/q3u 7ONKQlbtTHDb8yGqjGcjZbm8IWH iBDhD4SKKQwtGMEKDk34UOQE9vGk FhBS7t9hQNYbp9RihEB0V3+e/Q2 KzSlb3OWjh3xlJhfQWYdTTmS13I i7+WNfJbvp+YauhxWyz7XcMRVeX f6ybX2t3+yEq4GD3+x/qrZYAd3n VZN7blDbBXRiD94fHjSXlhtDm/KS /lC/S/kWN6xgnTwNXq1olafM3vz v+bp9YSsZXTjKf09d5uJqy/l+w2 J29fpEbHarV6L/aw/Yz7rF0TqY5 FbfBftfMOzeQr7yP+za8aNtfmWLy 1/RRqL81VHTeI6buAWu+YOFnEPy +hQaQ9P8QyH3lvvyPvgfRyFerWK cxW/De/TD8wjq9s=</latexit><latexit sha1_ base64="Azu7n1rFuJKuhP2H4DW sXp0Y654=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3Q0FKFWk NJRJjJNISWTtLhMzyr60O3YIVn4 AiZYUVCBRIAo+goYfSBEJ0SJEGS QaCs6MFyGwAgUz2p17z9xz59yZG +axLo3Icc2bOHP23PnJC1MXL12+M j0zO7dWZv0iUp0oi7NiIwxKFetU dYw2sdrICxUkYazWw90lu78+UEW ps/S+2c/VdhL0Ur2jo8AQaj/q3u 7ONKQlbtTHDb8yGqjGcjZbm8IWH iBDhD4SKKQwtGMEKDk34UOQE9vGk FhBS7t9hQNYbp9RihEB0V3+e/Q2 KzSlb3OWjh3xlJhfQWYdTTmS13I i7+WNfJbvp+YauhxWyz7XcMRVeX f6ybX2t3+yEq4GD3+x/qrZYAd3n VZN7blDbBXRiD94fHjSXlhtDm/KS /lC/S/kWN6xgnTwNXq1olafM3vz v+bp9YSsZXTjKf09d5uJqy/l+w2 J29fpEbHarV6L/aw/Yz7rF0TqY5 FbfBftfMOzeQr7yP+za8aNtfmWLy 1/RRqL81VHTeI6buAWu+YOFnEPy +hQaQ9P8QyH3lvvyPvgfRyFerWK cxW/De/TD8wjq9s=</latexit><latexit sha1_ base64="Azu7n1rFuJKuhP2H4DW sXp0Y654=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3Q0FKFWk NJRJjJNISWTtLhMzyr60O3YIVn4 AiZYUVCBRIAo+goYfSBEJ0SJEGS QaCs6MFyGwAgUz2p17z9xz59yZG +axLo3Icc2bOHP23PnJC1MXL12+M j0zO7dWZv0iUp0oi7NiIwxKFetU dYw2sdrICxUkYazWw90lu78+UEW ps/S+2c/VdhL0Ur2jo8AQaj/q3u 7ONKQlbtTHDb8yGqjGcjZbm8IWH iBDhD4SKKQwtGMEKDk34UOQE9vGk FhBS7t9hQNYbp9RihEB0V3+e/Q2 KzSlb3OWjh3xlJhfQWYdTTmS13I i7+WNfJbvp+YauhxWyz7XcMRVeX f6ybX2t3+yEq4GD3+x/qrZYAd3n VZN7blDbBXRiD94fHjSXlhtDm/KS /lC/S/kWN6xgnTwNXq1olafM3vz v+bp9YSsZXTjKf09d5uJqy/l+w2 J29fpEbHarV6L/aw/Yz7rF0TqY5 FbfBftfMOzeQr7yP+za8aNtfmWLy 1/RRqL81VHTeI6buAWu+YOFnEPy +hQaQ9P8QyH3lvvyPvgfRyFerWK cxW/De/TD8wjq9s=</latexit><latexit sha1_ base64="Azu7n1rFuJKuhP2H4DW sXp0Y654=">AAADLXicpVK7bhNBF D3e8AjhkQcNEo2FZURl3Q0FKFWk NJRJjJNISWTtLhMzyr60O3YIVn4 AiZYUVCBRIAo+goYfSBEJ0SJEGS QaCs6MFyGwAgUz2p17z9xz59yZG +axLo3Icc2bOHP23PnJC1MXL12+M j0zO7dWZv0iUp0oi7NiIwxKFetU dYw2sdrICxUkYazWw90lu78+UEW ps/S+2c/VdhL0Ur2jo8AQaj/q3u 7ONKQlbtTHDb8yGqjGcjZbm8IWH iBDhD4SKKQwtGMEKDk34UOQE9vGk FhBS7t9hQNYbp9RihEB0V3+e/Q2 KzSlb3OWjh3xlJhfQWYdTTmS13I i7+WNfJbvp+YauhxWyz7XcMRVeX f6ybX2t3+yEq4GD3+x/qrZYAd3n VZN7blDbBXRiD94fHjSXlhtDm/KS /lC/S/kWN6xgnTwNXq1olafM3vz v+bp9YSsZXTjKf09d5uJqy/l+w2 J29fpEbHarV6L/aw/Yz7rF0TqY5 FbfBftfMOzeQr7yP+za8aNtfmWLy 1/RRqL81VHTeI6buAWu+YOFnEPy +hQaQ9P8QyH3lvvyPvgfRyFerWK cxW/De/TD8wjq9s=</latexit>
x3
<latexit sha1_base64="Azu7n1 rFuJKuhP2H4DWsXp0Y654=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo 2FZURl3Q0FKFWkNJRJjJNISWTtLhMzyr60O3YIVn4AiZYUVCBRIAo+g oYfSBEJ0SJEGSQaCs6MFyGwAgUz2p17z9xz59yZG+axLo3Icc2bOHP 23PnJC1MXL12+Mj0zO7dWZv0iUp0oi7NiIwxKFetUdYw2sdrICxUkY azWw90lu78+UEWps/S+2c/VdhL0Ur2jo8AQaj/q3u7ONKQlbtTHDb8y GqjGcjZbm8IWHiBDhD4SKKQwtGMEKDk34UOQE9vGkFhBS7t9hQNYbp 9RihEB0V3+e/Q2KzSlb3OWjh3xlJhfQWYdTTmS13Ii7+WNfJbvp+Yau hxWyz7XcMRVeXf6ybX2t3+yEq4GD3+x/qrZYAd3nVZN7blDbBXRiD9 4fHjSXlhtDm/KS/lC/S/kWN6xgnTwNXq1olafM3vzv+bp9YSsZXTjKf 09d5uJqy/l+w2J29fpEbHarV6L/aw/Yz7rF0TqY5FbfBftfMOzeQr7 yP+za8aNtfmWLy1/RRqL81VHTeI6buAWu+YOFnEPy+hQaQ9P8QyH3l vvyPvgfRyFerWKcxW/De/TD8wjq9s=</latexit><latexit sha1_base64="Azu7n1 rFuJKuhP2H4DWsXp0Y654=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo 2FZURl3Q0FKFWkNJRJjJNISWTtLhMzyr60O3YIVn4AiZYUVCBRIAo+g oYfSBEJ0SJEGSQaCs6MFyGwAgUz2p17z9xz59yZG+axLo3Icc2bOHP 23PnJC1MXL12+Mj0zO7dWZv0iUp0oi7NiIwxKFetUdYw2sdrICxUkY azWw90lu78+UEWps/S+2c/VdhL0Ur2jo8AQaj/q3u7ONKQlbtTHDb8y GqjGcjZbm8IWHiBDhD4SKKQwtGMEKDk34UOQE9vGkFhBS7t9hQNYbp 9RihEB0V3+e/Q2KzSlb3OWjh3xlJhfQWYdTTmS13Ii7+WNfJbvp+Yau hxWyz7XcMRVeXf6ybX2t3+yEq4GD3+x/qrZYAd3nVZN7blDbBXRiD9 4fHjSXlhtDm/KS/lC/S/kWN6xgnTwNXq1olafM3vzv+bp9YSsZXTjKf 09d5uJqy/l+w2J29fpEbHarV6L/aw/Yz7rF0TqY5FbfBftfMOzeQr7 yP+za8aNtfmWLy1/RRqL81VHTeI6buAWu+YOFnEPy+hQaQ9P8QyH3l vvyPvgfRyFerWKcxW/De/TD8wjq9s=</latexit><latexit sha1_base64="Azu7n1 rFuJKuhP2H4DWsXp0Y654=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo 2FZURl3Q0FKFWkNJRJjJNISWTtLhMzyr60O3YIVn4AiZYUVCBRIAo+g oYfSBEJ0SJEGSQaCs6MFyGwAgUz2p17z9xz59yZG+axLo3Icc2bOHP 23PnJC1MXL12+Mj0zO7dWZv0iUp0oi7NiIwxKFetUdYw2sdrICxUkY azWw90lu78+UEWps/S+2c/VdhL0Ur2jo8AQaj/q3u7ONKQlbtTHDb8y GqjGcjZbm8IWHiBDhD4SKKQwtGMEKDk34UOQE9vGkFhBS7t9hQNYbp 9RihEB0V3+e/Q2KzSlb3OWjh3xlJhfQWYdTTmS13Ii7+WNfJbvp+Yau hxWyz7XcMRVeXf6ybX2t3+yEq4GD3+x/qrZYAd3nVZN7blDbBXRiD9 4fHjSXlhtDm/KS/lC/S/kWN6xgnTwNXq1olafM3vzv+bp9YSsZXTjKf 09d5uJqy/l+w2J29fpEbHarV6L/aw/Yz7rF0TqY5FbfBftfMOzeQr7 yP+za8aNtfmWLy1/RRqL81VHTeI6buAWu+YOFnEPy+hQaQ9P8QyH3l vvyPvgfRyFerWKcxW/De/TD8wjq9s=</latexit><latexit sha1_base64="Azu7n1 rFuJKuhP2H4DWsXp0Y654=">AAADLXicpVK7bhNBFD3e8AjhkQcNEo 2FZURl3Q0FKFWkNJRJjJNISWTtLhMzyr60O3YIVn4AiZYUVCBRIAo+g oYfSBEJ0SJEGSQaCs6MFyGwAgUz2p17z9xz59yZG+axLo3Icc2bOHP 23PnJC1MXL12+Mj0zO7dWZv0iUp0oi7NiIwxKFetUdYw2sdrICxUkY azWw90lu78+UEWps/S+2c/VdhL0Ur2jo8AQaj/q3u7ONKQlbtTHDb8y GqjGcjZbm8IWHiBDhD4SKKQwtGMEKDk34UOQE9vGkFhBS7t9hQNYbp 9RihEB0V3+e/Q2KzSlb3OWjh3xlJhfQWYdTTmS13Ii7+WNfJbvp+Yau hxWyz7XcMRVeXf6ybX2t3+yEq4GD3+x/qrZYAd3nVZN7blDbBXRiD9 4fHjSXlhtDm/KS/lC/S/kWN6xgnTwNXq1olafM3vzv+bp9YSsZXTjKf 09d5uJqy/l+w2J29fpEbHarV6L/aw/Yz7rF0TqY5FbfBftfMOzeQr7 yP+za8aNtfmWLy1/RRqL81VHTeI6buAWu+YOFnEPy+hQaQ9P8QyH3l vvyPvgfRyFerWKcxW/De/TD8wjq9s=</latexit>
x 0
<latexit sha1_base64="8tsPJ7 mx9NldVmiNcP7WMpoGlNg=">AAADNnicpVK7bhNBFD1eXiE8kkCDRG NhGVFZd9MEUUWiocwDJ5HiYO0uEzPKvrQ7NoRVfoAPgIKCh0SB+AF6G n6AIg0dQogGKUg0FJwZL0JgBQpmtDv3nrnnzrkzN8xjXRqR/YZ35Oi x4yemTk6fOn3m7Mzs3Lm1MhsWkepGWZwVG2FQqlinqmu0idVGXqggC WO1Hu5ct/vrI1WUOktvmt1cbSXBINXbOgoMod69vtyqenmhE7XXn21J R9xoThp+bbRQj6VsrjGNHm4jQ4QhEiikMLRjBCg5N+FDkBPbQkWsoK XdvsIeLHfIKMWIgOgO/wN6mzWa0rc5S8eOeErMryCziba8k5dyIG/ll XyS74fmqlwOq2WXazjmqrw/8+DC6rd/shKuBnd+sf6q2WAbV51WTe2 5Q2wV0Zg/uv/oYPXaSru6LM/lM/U/k315wwrS0dfoxbJaeczs7f+ah9 cTspbxjaf077rbTFx9Kd+vIm5fZ0DEard6Lfaz/oz5rF8QaU5E9vgu 2vmGZ/MU9pH/Z9dMGmvzHV86/rK0FufrjprCRVzCFXbNAhZxA0voUm mOh3iCp95r7733wfs4DvUaNec8fhvelx/IXLAB</latexit><latexit sha1_base64="8tsPJ7 mx9NldVmiNcP7WMpoGlNg=">AAADNnicpVK7bhNBFD1eXiE8kkCDRG NhGVFZd9MEUUWiocwDJ5HiYO0uEzPKvrQ7NoRVfoAPgIKCh0SB+AF6G n6AIg0dQogGKUg0FJwZL0JgBQpmtDv3nrnnzrkzN8xjXRqR/YZ35Oi x4yemTk6fOn3m7Mzs3Lm1MhsWkepGWZwVG2FQqlinqmu0idVGXqggC WO1Hu5ct/vrI1WUOktvmt1cbSXBINXbOgoMod69vtyqenmhE7XXn21J R9xoThp+bbRQj6VsrjGNHm4jQ4QhEiikMLRjBCg5N+FDkBPbQkWsoK XdvsIeLHfIKMWIgOgO/wN6mzWa0rc5S8eOeErMryCziba8k5dyIG/ll XyS74fmqlwOq2WXazjmqrw/8+DC6rd/shKuBnd+sf6q2WAbV51WTe2 5Q2wV0Zg/uv/oYPXaSru6LM/lM/U/k315wwrS0dfoxbJaeczs7f+ah9 cTspbxjaf077rbTFx9Kd+vIm5fZ0DEard6Lfaz/oz5rF8QaU5E9vgu 2vmGZ/MU9pH/Z9dMGmvzHV86/rK0FufrjprCRVzCFXbNAhZxA0voUm mOh3iCp95r7733wfs4DvUaNec8fhvelx/IXLAB</latexit><latexit sha1_base64="8tsPJ7 mx9NldVmiNcP7WMpoGlNg=">AAADNnicpVK7bhNBFD1eXiE8kkCDRG NhGVFZd9MEUUWiocwDJ5HiYO0uEzPKvrQ7NoRVfoAPgIKCh0SB+AF6G n6AIg0dQogGKUg0FJwZL0JgBQpmtDv3nrnnzrkzN8xjXRqR/YZ35Oi x4yemTk6fOn3m7Mzs3Lm1MhsWkepGWZwVG2FQqlinqmu0idVGXqggC WO1Hu5ct/vrI1WUOktvmt1cbSXBINXbOgoMod69vtyqenmhE7XXn21J R9xoThp+bbRQj6VsrjGNHm4jQ4QhEiikMLRjBCg5N+FDkBPbQkWsoK XdvsIeLHfIKMWIgOgO/wN6mzWa0rc5S8eOeErMryCziba8k5dyIG/ll XyS74fmqlwOq2WXazjmqrw/8+DC6rd/shKuBnd+sf6q2WAbV51WTe2 5Q2wV0Zg/uv/oYPXaSru6LM/lM/U/k315wwrS0dfoxbJaeczs7f+ah9 cTspbxjaf077rbTFx9Kd+vIm5fZ0DEard6Lfaz/oz5rF8QaU5E9vgu 2vmGZ/MU9pH/Z9dMGmvzHV86/rK0FufrjprCRVzCFXbNAhZxA0voUm mOh3iCp95r7733wfs4DvUaNec8fhvelx/IXLAB</latexit><latexit sha1_base64="8tsPJ7 mx9NldVmiNcP7WMpoGlNg=">AAADNnicpVK7bhNBFD1eXiE8kkCDRG NhGVFZd9MEUUWiocwDJ5HiYO0uEzPKvrQ7NoRVfoAPgIKCh0SB+AF6G n6AIg0dQogGKUg0FJwZL0JgBQpmtDv3nrnnzrkzN8xjXRqR/YZ35Oi x4yemTk6fOn3m7Mzs3Lm1MhsWkepGWZwVG2FQqlinqmu0idVGXqggC WO1Hu5ct/vrI1WUOktvmt1cbSXBINXbOgoMod69vtyqenmhE7XXn21J R9xoThp+bbRQj6VsrjGNHm4jQ4QhEiikMLRjBCg5N+FDkBPbQkWsoK XdvsIeLHfIKMWIgOgO/wN6mzWa0rc5S8eOeErMryCziba8k5dyIG/ll XyS74fmqlwOq2WXazjmqrw/8+DC6rd/shKuBnd+sf6q2WAbV51WTe2 5Q2wV0Zg/uv/oYPXaSru6LM/lM/U/k315wwrS0dfoxbJaeczs7f+ah9 cTspbxjaf077rbTFx9Kd+vIm5fZ0DEard6Lfaz/oz5rF8QaU5E9vgu 2vmGZ/MU9pH/Z9dMGmvzHV86/rK0FufrjprCRVzCFXbNAhZxA0voUm mOh3iCp95r7733wfs4DvUaNec8fhvelx/IXLAB</latexit>
x 1
<latexit sha1_base64="/t/Ixo gyxx5IZXf6VdIKKfUvWMs=">AAADNnicpVK7bhNBFD1eXiE8kkCDRGN hGVFZd9MEUUWiocwDJ5HiYO0uEzPKvrQ7NoRVfoAPgIKCh0SB+AF6Gn 6AIg0dQogGKUg0FJwZL0JgBQpmtDv3nrnnzrkzN8xjXRqR/YZ35Oix4 yemTk6fOn3m7Mzs3Lm1MhsWkepGWZwVG2FQqlinqmu0idVGXqggCWO1 Hu5ct/vrI1WUOktvmt1cbSXBINXbOgoMod69vn+r6uWFTtRef7YlHXG jOWn4tdFCPZayucY0eriNDBGGSKCQwtCOEaDk3IQPQU5sCxWxgpZ2+w p7sNwhoxQjAqI7/A/obdZoSt/mLB074ikxv4LMJtryTl7KgbyVV/JJv h+aq3I5rJZdruGYq/L+zIMLq9/+yUq4Gtz5xfqrZoNtXHVaNbXnDrFV RGP+6P6jg9VrK+3qsjyXz9T/TPblDStIR1+jF8tq5TGzt/9rHl5PyFr GN57Sv+tuM3H1pXy/irh9nQERq93qtdjP+jPms35BpDkR2eO7aOcbns 1T2Ef+n10zaazNd3zp+MvSWpyvO2oKF3EJV9g1C1jEDSyhS6U5HuIJn nqvvffeB+/jONRr1Jzz+G14X34AyyywAg==</latexit><latexit sha1_base64="/t/Ixo gyxx5IZXf6VdIKKfUvWMs=">AAADNnicpVK7bhNBFD1eXiE8kkCDRGN hGVFZd9MEUUWiocwDJ5HiYO0uEzPKvrQ7NoRVfoAPgIKCh0SB+AF6Gn 6AIg0dQogGKUg0FJwZL0JgBQpmtDv3nrnnzrkzN8xjXRqR/YZ35Oix4 yemTk6fOn3m7Mzs3Lm1MhsWkepGWZwVG2FQqlinqmu0idVGXqggCWO1 Hu5ct/vrI1WUOktvmt1cbSXBINXbOgoMod69vn+r6uWFTtRef7YlHXG jOWn4tdFCPZayucY0eriNDBGGSKCQwtCOEaDk3IQPQU5sCxWxgpZ2+w p7sNwhoxQjAqI7/A/obdZoSt/mLB074ikxv4LMJtryTl7KgbyVV/JJv h+aq3I5rJZdruGYq/L+zIMLq9/+yUq4Gtz5xfqrZoNtXHVaNbXnDrFV RGP+6P6jg9VrK+3qsjyXz9T/TPblDStIR1+jF8tq5TGzt/9rHl5PyFr GN57Sv+tuM3H1pXy/irh9nQERq93qtdjP+jPms35BpDkR2eO7aOcbns 1T2Ef+n10zaazNd3zp+MvSWpyvO2oKF3EJV9g1C1jEDSyhS6U5HuIJn nqvvffeB+/jONRr1Jzz+G14X34AyyywAg==</latexit><latexit sha1_base64="/t/Ixo gyxx5IZXf6VdIKKfUvWMs=">AAADNnicpVK7bhNBFD1eXiE8kkCDRGN hGVFZd9MEUUWiocwDJ5HiYO0uEzPKvrQ7NoRVfoAPgIKCh0SB+AF6Gn 6AIg0dQogGKUg0FJwZL0JgBQpmtDv3nrnnzrkzN8xjXRqR/YZ35Oix4 yemTk6fOn3m7Mzs3Lm1MhsWkepGWZwVG2FQqlinqmu0idVGXqggCWO1 Hu5ct/vrI1WUOktvmt1cbSXBINXbOgoMod69vn+r6uWFTtRef7YlHXG jOWn4tdFCPZayucY0eriNDBGGSKCQwtCOEaDk3IQPQU5sCxWxgpZ2+w p7sNwhoxQjAqI7/A/obdZoSt/mLB074ikxv4LMJtryTl7KgbyVV/JJv h+aq3I5rJZdruGYq/L+zIMLq9/+yUq4Gtz5xfqrZoNtXHVaNbXnDrFV RGP+6P6jg9VrK+3qsjyXz9T/TPblDStIR1+jF8tq5TGzt/9rHl5PyFr GN57Sv+tuM3H1pXy/irh9nQERq93qtdjP+jPms35BpDkR2eO7aOcbns 1T2Ef+n10zaazNd3zp+MvSWpyvO2oKF3EJV9g1C1jEDSyhS6U5HuIJn nqvvffeB+/jONRr1Jzz+G14X34AyyywAg==</latexit><latexit sha1_base64="/t/Ixo gyxx5IZXf6VdIKKfUvWMs=">AAADNnicpVK7bhNBFD1eXiE8kkCDRGN hGVFZd9MEUUWiocwDJ5HiYO0uEzPKvrQ7NoRVfoAPgIKCh0SB+AF6Gn 6AIg0dQogGKUg0FJwZL0JgBQpmtDv3nrnnzrkzN8xjXRqR/YZ35Oix4 yemTk6fOn3m7Mzs3Lm1MhsWkepGWZwVG2FQqlinqmu0idVGXqggCWO1 Hu5ct/vrI1WUOktvmt1cbSXBINXbOgoMod69vn+r6uWFTtRef7YlHXG jOWn4tdFCPZayucY0eriNDBGGSKCQwtCOEaDk3IQPQU5sCxWxgpZ2+w p7sNwhoxQjAqI7/A/obdZoSt/mLB074ikxv4LMJtryTl7KgbyVV/JJv h+aq3I5rJZdruGYq/L+zIMLq9/+yUq4Gtz5xfqrZoNtXHVaNbXnDrFV RGP+6P6jg9VrK+3qsjyXz9T/TPblDStIR1+jF8tq5TGzt/9rHl5PyFr GN57Sv+tuM3H1pXy/irh9nQERq93qtdjP+jPms35BpDkR2eO7aOcbns 1T2Ef+n10zaazNd3zp+MvSWpyvO2oKF3EJV9g1C1jEDSyhS6U5HuIJn nqvvffeB+/jONRr1Jzz+G14X34AyyywAg==</latexit>
A
<latexit sha1_b ase64="dRtC57+H4W/5P0SeSYlWI 9pJZBI=">AAADK3icpVK/TxRBFP5 uFUUEAW1MbC5ejlhd3tJgrDA2lhx 4QAKE7K7DMWF/ZXfuDF78B7TVWFhp YmGMf4WNvbHA2FoQSkxsLPxmbo3B C1o4k91575v3vfnezAvzWJdG5KDm nTk7du78+IWJi5NTl6ZnZi+vllmvi FQnyuKsWA+DUsU6VR2jTazW80IFS RirtXDvjt1f66ui1Fl6z+znaisJu qne0VFgCLVvb880pCVu1EcNvzIaq MZSNlubwCbuI0OEHhIopDC0YwQoOT fgQ5AT28KAWEFLu32FR7DcHqMUIw Kie/x36W1UaErf5iwdO+IpMb+CzD qa8kneyLF8kLdyKD9OzTVwOayWfa 7hkKvy7enHV1e+/5OVcDXY/c36q2a DHdx0WjW15w6xVURDfv/h8+OVW8v NwZy8kiPqfykH8p4VpP1v0eu2Wn7 B7M3/mqfXE7KW4Y2n9B+420xcfSnf b0Dcvk6XiNVu9VrsV/0Z81m/IFIf idzku2jnG57NU9hH/p9dM2qszrd8 afltaSzOVx01jmu4jhvsmgUs4i6W 0KFShSd4imfeO++j99n7Mgz1ahXnC k4M7+tPUCeq/g==</latexit><latexit sha1_b ase64="dRtC57+H4W/5P0SeSYlWI 9pJZBI=">AAADK3icpVK/TxRBFP5 uFUUEAW1MbC5ejlhd3tJgrDA2lhx 4QAKE7K7DMWF/ZXfuDF78B7TVWFhp YmGMf4WNvbHA2FoQSkxsLPxmbo3B C1o4k91575v3vfnezAvzWJdG5KDm nTk7du78+IWJi5NTl6ZnZi+vllmvi FQnyuKsWA+DUsU6VR2jTazW80IFS RirtXDvjt1f66ui1Fl6z+znaisJu qne0VFgCLVvb880pCVu1EcNvzIaq MZSNlubwCbuI0OEHhIopDC0YwQoOT fgQ5AT28KAWEFLu32FR7DcHqMUIw Kie/x36W1UaErf5iwdO+IpMb+CzD qa8kneyLF8kLdyKD9OzTVwOayWfa 7hkKvy7enHV1e+/5OVcDXY/c36q2a DHdx0WjW15w6xVURDfv/h8+OVW8v NwZy8kiPqfykH8p4VpP1v0eu2Wn7 B7M3/mqfXE7KW4Y2n9B+420xcfSnf b0Dcvk6XiNVu9VrsV/0Z81m/IFIf idzku2jnG57NU9hH/p9dM2qszrd8 afltaSzOVx01jmu4jhvsmgUs4i6W 0KFShSd4imfeO++j99n7Mgz1ahXnC k4M7+tPUCeq/g==</latexit><latexit sha1_b ase64="dRtC57+H4W/5P0SeSYlWI 9pJZBI=">AAADK3icpVK/TxRBFP5 uFUUEAW1MbC5ejlhd3tJgrDA2lhx 4QAKE7K7DMWF/ZXfuDF78B7TVWFhp YmGMf4WNvbHA2FoQSkxsLPxmbo3B C1o4k91575v3vfnezAvzWJdG5KDm nTk7du78+IWJi5NTl6ZnZi+vllmvi FQnyuKsWA+DUsU6VR2jTazW80IFS RirtXDvjt1f66ui1Fl6z+znaisJu qne0VFgCLVvb880pCVu1EcNvzIaq MZSNlubwCbuI0OEHhIopDC0YwQoOT fgQ5AT28KAWEFLu32FR7DcHqMUIw Kie/x36W1UaErf5iwdO+IpMb+CzD qa8kneyLF8kLdyKD9OzTVwOayWfa 7hkKvy7enHV1e+/5OVcDXY/c36q2a DHdx0WjW15w6xVURDfv/h8+OVW8v NwZy8kiPqfykH8p4VpP1v0eu2Wn7 B7M3/mqfXE7KW4Y2n9B+420xcfSnf b0Dcvk6XiNVu9VrsV/0Z81m/IFIf idzku2jnG57NU9hH/p9dM2qszrd8 afltaSzOVx01jmu4jhvsmgUs4i6W 0KFShSd4imfeO++j99n7Mgz1ahXnC k4M7+tPUCeq/g==</latexit><latexit sha1_b ase64="dRtC57+H4W/5P0SeSYlWI 9pJZBI=">AAADK3icpVK/TxRBFP5 uFUUEAW1MbC5ejlhd3tJgrDA2lhx 4QAKE7K7DMWF/ZXfuDF78B7TVWFhp YmGMf4WNvbHA2FoQSkxsLPxmbo3B C1o4k91575v3vfnezAvzWJdG5KDm nTk7du78+IWJi5NTl6ZnZi+vllmvi FQnyuKsWA+DUsU6VR2jTazW80IFS RirtXDvjt1f66ui1Fl6z+znaisJu qne0VFgCLVvb880pCVu1EcNvzIaq MZSNlubwCbuI0OEHhIopDC0YwQoOT fgQ5AT28KAWEFLu32FR7DcHqMUIw Kie/x36W1UaErf5iwdO+IpMb+CzD qa8kneyLF8kLdyKD9OzTVwOayWfa 7hkKvy7enHV1e+/5OVcDXY/c36q2a DHdx0WjW15w6xVURDfv/h8+OVW8v NwZy8kiPqfykH8p4VpP1v0eu2Wn7 B7M3/mqfXE7KW4Y2n9B+420xcfSnf b0Dcvk6XiNVu9VrsV/0Z81m/IFIf idzku2jnG57NU9hH/p9dM2qszrd8 afltaSzOVx01jmu4jhvsmgUs4i6W 0KFShSd4imfeO++j99n7Mgz1ahXnC k4M7+tPUCeq/g==</latexit>
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FIG. 1. Renormalization step of ATRG in y direction for the
two-dimensional square lattice model.
composed by partial SVD, and the bond dimension of the
singular value matrix is truncated by χ:
Ty0y1x0x1 ≈
χ∑
α=1
S{T}ααU{T}y0x0αV{T}y1x1α. (1)
Then, we define four tensors, A, B, C, and D, as
Ay0x0α = U{T}y0x0α, (2)
By1x1α = S{T}ααV{T}y1x1α, (3)
Cy1x2β = S{T}ββU{T}y1x2β , (4)
Dy2x3β = V{T}y2x3β (5)
[step (a) in Fig. 1]. Note that the accuracy of the final
free energy may depend on how to separate the singular
value matrix in the above step. Indeed, we observe that
by including the singular matrix S in B and C, the error
of the final free energy is minimized. Such a construc-
tion gives us a better free energy than the equal weight
decomposition,
√
S, of the singular matrix into A and B
(or C and D). Indeed, it is easy to see if we do not in-
troduce truncations in step (a), our splitting of singular
matrix S, together with step (b) and (c) below, becomes
identical to direct partial SVD of TT = ABCD. In this
sense, the present splitting gives the best local approx-
imation, and we think it remains optimal even if there
exist truncations in step (a).
Next, by using partial SVD, we swap the bond of B
and C [step (b) and (c) in Fig. 1]. In order to swap the
x1 bond of B and x2 bond of C, we define tensor M as
Mαβx1x2 =
∑
y1
By1x1αCy1x2β , (6)
and, by partial SVD of M and truncating the singular
values to χ, we define new X and Y as
Mαβx1x2 ≈
χ∑
y1
S{M}y1y1U{M}αx2y1V{M}βx1y1 , (7)
Xαx2y1 =
√
S{M}y1y1U{M}αx2y1 , (8)
Yβx1y1 =
√
S{M}y1y1V{M}βx1y1 . (9)
Then, we renormalize the horizontal two bonds into
one by using ‘squeezers’ E and F [step (d) and (e) in
Fig. 1]. We call them as squeezers since they are not
necessarily isometries unlike conventional HOTRG. By
applying squeezer E (F ) to A and X (Y and D), we
obtain new tensor G (H) as
Gy0y1x′0 =
∑
α,x0,x2
Ay0x0αXαx2y1Ex0x2x′0 , (10)
Hy1y2x′1 =
∑
β,x1,x3
Dy2x3βYβx1y1Fx1x3x′1 . (11)
Finally, a new renormalized tensor, T ′, is made from the
product of G and H as
T ′y0y2x′0x′1 =
∑
y1
Gy0y1x′0Hy1y2x′1 (12)
[step (f) in Fig. 1], which will be used as an input to the
next renormalization step in x direction.
It should be noted that the explicit form of the squeez-
ers is not needed for calculating the free energy. One can
obtain G and H directly by partial SVD as
Qy0y1y2y3 =
∑
x1x3αβ
Yβy1x1Dy2x3βAy0x1αXαx3y3
≈
χ∑
x′1
S{Q}x′1x′1U{Q}y1y2x′1V{Q}y0y3x′1 , (13)
Hy1y2x′1 =
√
S{Q}x′1x′1U{Q}y1y2x′1 , (14)
Gy0y3x′1 =
√
S{Q}x′1x′1V{Q}y0y3x′1 . (15)
The explicit form of the squeezers is needed for calcu-
lating other physical quantities, e.g., the energy and the
magnetization. We will discuss the method to calculate
squeezers in Sec. III.
One of the most significant differences between ATRG
and HOTRG is that in ATRG, before applying the
squeezers E and F , we construct X and Y from a low-
rank approximation of M [step (b) and (c) in Fig. 1],
3(a)
<latexit sha1_ base64="Cy2Wv74hGj6QIiUDzfho 5RQiAas=">AAADPHicpVI9TxtBEB 0fEAiBYEgTieYUyxE01hwNiAopTU q+DEgYWXfH2qy4L92tjcDiD+QPpI AmkYgU5T/Q0PAHKOhpEKIiSpoUeb u+KEosoGBXdzvzdt7sm93xkkBmiv myYPX1DzwbHHo+/GJk9OVYcXxiLY tbqS+qfhzE6YbnZiKQkagqqQKxka TCDb1ArHu77/T+elukmYyjVbWfiK 3QbUayIX1XAaoXi7VANNSU7dq1V DZ31HS9WOIKm2H3Gk5ulCgfi/F4Y ZhqtE0x+dSikARFpGAH5FKGuUkOM SXAtqgDLIUlzb6gQ9LcFqIEIlygu /g34W3maARf58wM28cpAb4UTJvKf MFf+Y7P+Rtf8697c3VMDq1lH6vX5 YqkPvbh9crPR1khVkU7f1kPalbUo DmjVUJ7YhBdhd/ltw8+3q3ML5c7b /kz30D/J77kM1QQtb/7J0ti+QjZy 0+a99fjoZbujUfw98xthqa+CO/XA a5fpwlEa9d6Nfan/hj5tJ8CsXsi a3gXaXyFs3EK+sj5v2t6jbWZisMV Z4lLCzN5Rw3RJL2hKXTNLC3Qe1qk KpS26ZhO6It1al1ZN9ZtN9Qq5JxX 9M+wfvwGxFiw9w==</latexit><latexit sha1_ base64="Cy2Wv74hGj6QIiUDzfho 5RQiAas=">AAADPHicpVI9TxtBEB 0fEAiBYEgTieYUyxE01hwNiAopTU q+DEgYWXfH2qy4L92tjcDiD+QPpI AmkYgU5T/Q0PAHKOhpEKIiSpoUeb u+KEosoGBXdzvzdt7sm93xkkBmiv myYPX1DzwbHHo+/GJk9OVYcXxiLY tbqS+qfhzE6YbnZiKQkagqqQKxka TCDb1ArHu77/T+elukmYyjVbWfiK 3QbUayIX1XAaoXi7VANNSU7dq1V DZ31HS9WOIKm2H3Gk5ulCgfi/F4Y ZhqtE0x+dSikARFpGAH5FKGuUkOM SXAtqgDLIUlzb6gQ9LcFqIEIlygu /g34W3maARf58wM28cpAb4UTJvKf MFf+Y7P+Rtf8697c3VMDq1lH6vX5 YqkPvbh9crPR1khVkU7f1kPalbUo DmjVUJ7YhBdhd/ltw8+3q3ML5c7b /kz30D/J77kM1QQtb/7J0ti+QjZy 0+a99fjoZbujUfw98xthqa+CO/XA a5fpwlEa9d6Nfan/hj5tJ8CsXsi a3gXaXyFs3EK+sj5v2t6jbWZisMV Z4lLCzN5Rw3RJL2hKXTNLC3Qe1qk KpS26ZhO6It1al1ZN9ZtN9Qq5JxX 9M+wfvwGxFiw9w==</latexit><latexit sha1_ base64="Cy2Wv74hGj6QIiUDzfho 5RQiAas=">AAADPHicpVI9TxtBEB 0fEAiBYEgTieYUyxE01hwNiAopTU q+DEgYWXfH2qy4L92tjcDiD+QPpI AmkYgU5T/Q0PAHKOhpEKIiSpoUeb u+KEosoGBXdzvzdt7sm93xkkBmiv myYPX1DzwbHHo+/GJk9OVYcXxiLY tbqS+qfhzE6YbnZiKQkagqqQKxka TCDb1ArHu77/T+elukmYyjVbWfiK 3QbUayIX1XAaoXi7VANNSU7dq1V DZ31HS9WOIKm2H3Gk5ulCgfi/F4Y ZhqtE0x+dSikARFpGAH5FKGuUkOM SXAtqgDLIUlzb6gQ9LcFqIEIlygu /g34W3maARf58wM28cpAb4UTJvKf MFf+Y7P+Rtf8697c3VMDq1lH6vX5 YqkPvbh9crPR1khVkU7f1kPalbUo DmjVUJ7YhBdhd/ltw8+3q3ML5c7b /kz30D/J77kM1QQtb/7J0ti+QjZy 0+a99fjoZbujUfw98xthqa+CO/XA a5fpwlEa9d6Nfan/hj5tJ8CsXsi a3gXaXyFs3EK+sj5v2t6jbWZisMV Z4lLCzN5Rw3RJL2hKXTNLC3Qe1qk KpS26ZhO6It1al1ZN9ZtN9Qq5JxX 9M+wfvwGxFiw9w==</latexit><latexit sha1_ base64="Cy2Wv74hGj6QIiUDzfho 5RQiAas=">AAADPHicpVI9TxtBEB 0fEAiBYEgTieYUyxE01hwNiAopTU q+DEgYWXfH2qy4L92tjcDiD+QPpI AmkYgU5T/Q0PAHKOhpEKIiSpoUeb u+KEosoGBXdzvzdt7sm93xkkBmiv myYPX1DzwbHHo+/GJk9OVYcXxiLY tbqS+qfhzE6YbnZiKQkagqqQKxka TCDb1ArHu77/T+elukmYyjVbWfiK 3QbUayIX1XAaoXi7VANNSU7dq1V DZ31HS9WOIKm2H3Gk5ulCgfi/F4Y ZhqtE0x+dSikARFpGAH5FKGuUkOM SXAtqgDLIUlzb6gQ9LcFqIEIlygu /g34W3maARf58wM28cpAb4UTJvKf MFf+Y7P+Rtf8697c3VMDq1lH6vX5 YqkPvbh9crPR1khVkU7f1kPalbUo DmjVUJ7YhBdhd/ltw8+3q3ML5c7b /kz30D/J77kM1QQtb/7J0ti+QjZy 0+a99fjoZbujUfw98xthqa+CO/XA a5fpwlEa9d6Nfan/hj5tJ8CsXsi a3gXaXyFs3EK+sj5v2t6jbWZisMV Z4lLCzN5Rw3RJL2hKXTNLC3Qe1qk KpS26ZhO6It1al1ZN9ZtN9Qq5JxX 9M+wfvwGxFiw9w==</latexit>
(b)
<latexit sha1_ base64="9cMCjxtEaXAHTo7FA7b nFrbS5CY=">AAADPHicpVI9TxtB EB0fEAiBYEgTieYUyxE01hwNiAo pTUq+DEgYWXfH2qy4L92tjcDiD+ QPpIAmkYgU5T/Q0PAHKOhpEKIiS poUebu+KEosoGBXdzvzdt7sm93x kkBmivmyYPX1DzwbHHo+/GJk9O VYcXxiLYtbqS+qfhzE6YbnZiKQk agqqQKxkaTCDb1ArHu77/T+eluk mYyjVbWfiK3QbUayIX1XAaoXi7V ANNSU7dm1VDZ31HS9WOIKm2H3Gk 5ulCgfi/F4YZhqtE0x+dSikARFp GAH5FKGuUkOMSXAtqgDLIUlzb6g Q9LcFqIEIlygu/g34W3maARf58w M28cpAb4UTJvKfMFf+Y7P+Rtf86 97c3VMDq1lH6vX5YqkPvbh9crPR 1khVkU7f1kPalbUoDmjVUJ7YhBd hd/ltw8+3q3ML5c7b/kz30D/J77 kM1QQtb/7J0ti+QjZy0+a99fjoZ bujUfw98xthqa+CO/XAa5fpwlE a9d6Nfan/hj5tJ8CsXsia3gXaXy Fs3EK+sj5v2t6jbWZisMVZ4lLCz N5Rw3RJL2hKXTNLC3Qe1qkKpS26 ZhO6It1al1ZN9ZtN9Qq5JxX9M+w fvwGxyew+A==</latexit><latexit sha1_ base64="9cMCjxtEaXAHTo7FA7b nFrbS5CY=">AAADPHicpVI9TxtB EB0fEAiBYEgTieYUyxE01hwNiAo pTUq+DEgYWXfH2qy4L92tjcDiD+ QPpIAmkYgU5T/Q0PAHKOhpEKIiS poUebu+KEosoGBXdzvzdt7sm93x kkBmivmyYPX1DzwbHHo+/GJk9O VYcXxiLYtbqS+qfhzE6YbnZiKQk agqqQKxkaTCDb1ArHu77/T+eluk mYyjVbWfiK3QbUayIX1XAaoXi7V ANNSU7dm1VDZ31HS9WOIKm2H3Gk 5ulCgfi/F4YZhqtE0x+dSikARFp GAH5FKGuUkOMSXAtqgDLIUlzb6g Q9LcFqIEIlygu/g34W3maARf58w M28cpAb4UTJvKfMFf+Y7P+Rtf86 97c3VMDq1lH6vX5YqkPvbh9crPR 1khVkU7f1kPalbUoDmjVUJ7YhBd hd/ltw8+3q3ML5c7b/kz30D/J77 kM1QQtb/7J0ti+QjZy0+a99fjoZ bujUfw98xthqa+CO/XAa5fpwlE a9d6Nfan/hj5tJ8CsXsia3gXaXy Fs3EK+sj5v2t6jbWZisMVZ4lLCz N5Rw3RJL2hKXTNLC3Qe1qkKpS26 ZhO6It1al1ZN9ZtN9Qq5JxX9M+w fvwGxyew+A==</latexit><latexit sha1_ base64="9cMCjxtEaXAHTo7FA7b nFrbS5CY=">AAADPHicpVI9TxtB EB0fEAiBYEgTieYUyxE01hwNiAo pTUq+DEgYWXfH2qy4L92tjcDiD+ QPpIAmkYgU5T/Q0PAHKOhpEKIiS poUebu+KEosoGBXdzvzdt7sm93x kkBmivmyYPX1DzwbHHo+/GJk9O VYcXxiLYtbqS+qfhzE6YbnZiKQk agqqQKxkaTCDb1ArHu77/T+eluk mYyjVbWfiK3QbUayIX1XAaoXi7V ANNSU7dm1VDZ31HS9WOIKm2H3Gk 5ulCgfi/F4YZhqtE0x+dSikARFp GAH5FKGuUkOMSXAtqgDLIUlzb6g Q9LcFqIEIlygu/g34W3maARf58w M28cpAb4UTJvKfMFf+Y7P+Rtf86 97c3VMDq1lH6vX5YqkPvbh9crPR 1khVkU7f1kPalbUoDmjVUJ7YhBd hd/ltw8+3q3ML5c7b/kz30D/J77 kM1QQtb/7J0ti+QjZy0+a99fjoZ bujUfw98xthqa+CO/XAa5fpwlE a9d6Nfan/hj5tJ8CsXsia3gXaXy Fs3EK+sj5v2t6jbWZisMVZ4lLCz N5Rw3RJL2hKXTNLC3Qe1qkKpS26 ZhO6It1al1ZN9ZtN9Qq5JxX9M+w fvwGxyew+A==</latexit><latexit sha1_ base64="9cMCjxtEaXAHTo7FA7b nFrbS5CY=">AAADPHicpVI9TxtB EB0fEAiBYEgTieYUyxE01hwNiAo pTUq+DEgYWXfH2qy4L92tjcDiD+ QPpIAmkYgU5T/Q0PAHKOhpEKIiS poUebu+KEosoGBXdzvzdt7sm93x kkBmivmyYPX1DzwbHHo+/GJk9O VYcXxiLYtbqS+qfhzE6YbnZiKQk agqqQKxkaTCDb1ArHu77/T+eluk mYyjVbWfiK3QbUayIX1XAaoXi7V ANNSU7dm1VDZ31HS9WOIKm2H3Gk 5ulCgfi/F4YZhqtE0x+dSikARFp GAH5FKGuUkOMSXAtqgDLIUlzb6g Q9LcFqIEIlygu/g34W3maARf58w M28cpAb4UTJvKfMFf+Y7P+Rtf86 97c3VMDq1lH6vX5YqkPvbh9crPR 1khVkU7f1kPalbUoDmjVUJ7YhBd hd/ltw8+3q3ML5c7b/kz30D/J77 kM1QQtb/7J0ti+QjZy0+a99fjoZ bujUfw98xthqa+CO/XAa5fpwlE a9d6Nfan/hj5tJ8CsXsia3gXaXy Fs3EK+sj5v2t6jbWZisMVZ4lLCz N5Rw3RJL2hKXTNLC3Qe1qkKpS26 ZhO6It1al1ZN9ZtN9Qq5JxX9M+w fvwGxyew+A==</latexit>
(c)
<latexit sha1_base64="qgMZn qs8p3nIx8FcHHrdpi7CALM=">AAADPHicpVI9TxtBEB0fITgEgiFNp DSnWI6gsebcgKiQ0qTkIwYkjKy7Y21W3Jfu1kZg8QfyB1JAk0hEivI faGjyB1K4TxOhVCDSpMjb9UVRYgEFu7rbmbfzZt/sjpcEMlPM/YI18 mD04Vjx0fjjicknU6XpmfUs7qS+qPtxEKebnpuJQEairqQKxGaSCjf 0ArHh7b3S+xtdkWYyjt6og0Rsh247ki3puwpQs1RqBKKlZm3fbqSyv avmmqUyV9kMe9hwcqNM+ViOpwvj1KAdismnDoUkKCIFOyCXMswtcog pAbZNPWApLGn2BR2R5nYQJRDhAt3Dvw1vK0cj+DpnZtg+TgnwpWDa VOGv/Ikv+Qt/5u/868ZcPZNDaznA6g24ImlOvX229vNOVohV0e5f1q 2aFbVowWiV0J4YRFfhD/jdw3eXa4urld5L/sAX0P+e+3yOCqLulX+6 IlaPkb1yr3lzPR5qGdx4BH/f3GZo6ovwfj3g+nXaQLR2rVdjf+qPkU /7KRB7KLKBd5HGVzgbp6CPnP+7ZthYr1UdrjorXF6q5R1VpOf0gmbR NfO0RK9pmepQ2qUTOqWP1pn1zbqwfgxCrULOeUr/DOv6N8n2sPk=</ latexit><latexit sha1_base64="qgMZn qs8p3nIx8FcHHrdpi7CALM=">AAADPHicpVI9TxtBEB0fITgEgiFNp DSnWI6gsebcgKiQ0qTkIwYkjKy7Y21W3Jfu1kZg8QfyB1JAk0hEivI faGjyB1K4TxOhVCDSpMjb9UVRYgEFu7rbmbfzZt/sjpcEMlPM/YI18 mD04Vjx0fjjicknU6XpmfUs7qS+qPtxEKebnpuJQEairqQKxGaSCjf 0ArHh7b3S+xtdkWYyjt6og0Rsh247ki3puwpQs1RqBKKlZm3fbqSyv avmmqUyV9kMe9hwcqNM+ViOpwvj1KAdismnDoUkKCIFOyCXMswtcog pAbZNPWApLGn2BR2R5nYQJRDhAt3Dvw1vK0cj+DpnZtg+TgnwpWDa VOGv/Ikv+Qt/5u/868ZcPZNDaznA6g24ImlOvX229vNOVohV0e5f1q 2aFbVowWiV0J4YRFfhD/jdw3eXa4urld5L/sAX0P+e+3yOCqLulX+6 IlaPkb1yr3lzPR5qGdx4BH/f3GZo6ovwfj3g+nXaQLR2rVdjf+qPkU /7KRB7KLKBd5HGVzgbp6CPnP+7ZthYr1UdrjorXF6q5R1VpOf0gmbR NfO0RK9pmepQ2qUTOqWP1pn1zbqwfgxCrULOeUr/DOv6N8n2sPk=</ latexit><latexit sha1_base64="qgMZn qs8p3nIx8FcHHrdpi7CALM=">AAADPHicpVI9TxtBEB0fITgEgiFNp DSnWI6gsebcgKiQ0qTkIwYkjKy7Y21W3Jfu1kZg8QfyB1JAk0hEivI faGjyB1K4TxOhVCDSpMjb9UVRYgEFu7rbmbfzZt/sjpcEMlPM/YI18 mD04Vjx0fjjicknU6XpmfUs7qS+qPtxEKebnpuJQEairqQKxGaSCjf 0ArHh7b3S+xtdkWYyjt6og0Rsh247ki3puwpQs1RqBKKlZm3fbqSyv avmmqUyV9kMe9hwcqNM+ViOpwvj1KAdismnDoUkKCIFOyCXMswtcog pAbZNPWApLGn2BR2R5nYQJRDhAt3Dvw1vK0cj+DpnZtg+TgnwpWDa VOGv/Ikv+Qt/5u/868ZcPZNDaznA6g24ImlOvX229vNOVohV0e5f1q 2aFbVowWiV0J4YRFfhD/jdw3eXa4urld5L/sAX0P+e+3yOCqLulX+6 IlaPkb1yr3lzPR5qGdx4BH/f3GZo6ovwfj3g+nXaQLR2rVdjf+qPkU /7KRB7KLKBd5HGVzgbp6CPnP+7ZthYr1UdrjorXF6q5R1VpOf0gmbR NfO0RK9pmepQ2qUTOqWP1pn1zbqwfgxCrULOeUr/DOv6N8n2sPk=</ latexit><latexit sha1_base64="qgMZn qs8p3nIx8FcHHrdpi7CALM=">AAADPHicpVI9TxtBEB0fITgEgiFNp DSnWI6gsebcgKiQ0qTkIwYkjKy7Y21W3Jfu1kZg8QfyB1JAk0hEivI faGjyB1K4TxOhVCDSpMjb9UVRYgEFu7rbmbfzZt/sjpcEMlPM/YI18 mD04Vjx0fjjicknU6XpmfUs7qS+qPtxEKebnpuJQEairqQKxGaSCjf 0ArHh7b3S+xtdkWYyjt6og0Rsh247ki3puwpQs1RqBKKlZm3fbqSyv avmmqUyV9kMe9hwcqNM+ViOpwvj1KAdismnDoUkKCIFOyCXMswtcog pAbZNPWApLGn2BR2R5nYQJRDhAt3Dvw1vK0cj+DpnZtg+TgnwpWDa VOGv/Ikv+Qt/5u/868ZcPZNDaznA6g24ImlOvX229vNOVohV0e5f1q 2aFbVowWiV0J4YRFfhD/jdw3eXa4urld5L/sAX0P+e+3yOCqLulX+6 IlaPkb1yr3lzPR5qGdx4BH/f3GZo6ovwfj3g+nXaQLR2rVdjf+qPkU /7KRB7KLKBd5HGVzgbp6CPnP+7ZthYr1UdrjorXF6q5R1VpOf0gmbR NfO0RK9pmepQ2qUTOqWP1pn1zbqwfgxCrULOeUr/DOv6N8n2sPk=</ latexit>
(f)
<latexit sha1_base64="HOC0sZ 4AYKK4dFFAej6guYcpvXg=">AAADPHicpVI9TxtBEB0fhABJwJAGieYU y4g01hwNERUSTUq+DEgYWXeXtVlxX7pbG4HFH+APpIAGJCIh/kOaNPwB CnoahKiIkiZF3q4vioJFUmRXdzvzdt7sm93xkkBmivm6YPX1Pxt4Pjg0 /OLlq5HR4tj4Wha3Ul9U/TiI0w3PzUQgI1FVUgViI0mFG3qBWPd2FvT+ elukmYyjVbWXiK3QbUayIX1XAaoXi7VANNS03bBrqWxuq7f1YokrbIb dazi5UaJ8LMZjhWGq0QeKyacWhSQoIgU7IJcyzE1yiCkBtkUdYCksafY FHZDmthAlEOEC3cG/CW8zRyP4Omdm2D5OCfClYNpU5is+5we+5Au+5R9 P5uqYHFrLHlavyxVJffRwYuX7P1khVkXbv1l/1ayoQe+MVgntiUF0FX6 X397/+LAyt1zuTPEp30H/CV/zF1QQtb/6Z0ti+QjZy/81n67HQy3dG4/ g75rbDE19Ed6vA1y/ThOI1q71auxX/THyaT8FYvdE1vAu0vgKZ+MU9J HzuGt6jbWZisMVZ4lL8zN5Rw3SJL2haXTNLM3Te1qkKpS26ZjO6JP12b qx7qz7bqhVyDmv6Y9hffsJ0mOw/A==</latexit><latexit sha1_base64="HOC0sZ 4AYKK4dFFAej6guYcpvXg=">AAADPHicpVI9TxtBEB0fhABJwJAGieYU y4g01hwNERUSTUq+DEgYWXeXtVlxX7pbG4HFH+APpIAGJCIh/kOaNPwB CnoahKiIkiZF3q4vioJFUmRXdzvzdt7sm93xkkBmivm6YPX1Pxt4Pjg0 /OLlq5HR4tj4Wha3Ul9U/TiI0w3PzUQgI1FVUgViI0mFG3qBWPd2FvT+ elukmYyjVbWXiK3QbUayIX1XAaoXi7VANNS03bBrqWxuq7f1YokrbIb dazi5UaJ8LMZjhWGq0QeKyacWhSQoIgU7IJcyzE1yiCkBtkUdYCksafY FHZDmthAlEOEC3cG/CW8zRyP4Omdm2D5OCfClYNpU5is+5we+5Au+5R9 P5uqYHFrLHlavyxVJffRwYuX7P1khVkXbv1l/1ayoQe+MVgntiUF0FX6 X397/+LAyt1zuTPEp30H/CV/zF1QQtb/6Z0ti+QjZy/81n67HQy3dG4/ g75rbDE19Ed6vA1y/ThOI1q71auxX/THyaT8FYvdE1vAu0vgKZ+MU9J HzuGt6jbWZisMVZ4lL8zN5Rw3SJL2haXTNLM3Te1qkKpS26ZjO6JP12b qx7qz7bqhVyDmv6Y9hffsJ0mOw/A==</latexit><latexit sha1_base64="HOC0sZ 4AYKK4dFFAej6guYcpvXg=">AAADPHicpVI9TxtBEB0fhABJwJAGieYU y4g01hwNERUSTUq+DEgYWXeXtVlxX7pbG4HFH+APpIAGJCIh/kOaNPwB CnoahKiIkiZF3q4vioJFUmRXdzvzdt7sm93xkkBmivm6YPX1Pxt4Pjg0 /OLlq5HR4tj4Wha3Ul9U/TiI0w3PzUQgI1FVUgViI0mFG3qBWPd2FvT+ elukmYyjVbWXiK3QbUayIX1XAaoXi7VANNS03bBrqWxuq7f1YokrbIb dazi5UaJ8LMZjhWGq0QeKyacWhSQoIgU7IJcyzE1yiCkBtkUdYCksafY FHZDmthAlEOEC3cG/CW8zRyP4Omdm2D5OCfClYNpU5is+5we+5Au+5R9 P5uqYHFrLHlavyxVJffRwYuX7P1khVkXbv1l/1ayoQe+MVgntiUF0FX6 X397/+LAyt1zuTPEp30H/CV/zF1QQtb/6Z0ti+QjZy/81n67HQy3dG4/ g75rbDE19Ed6vA1y/ThOI1q71auxX/THyaT8FYvdE1vAu0vgKZ+MU9J HzuGt6jbWZisMVZ4lL8zN5Rw3SJL2haXTNLM3Te1qkKpS26ZjO6JP12b qx7qz7bqhVyDmv6Y9hffsJ0mOw/A==</latexit><latexit sha1_base64="HOC0sZ 4AYKK4dFFAej6guYcpvXg=">AAADPHicpVI9TxtBEB0fhABJwJAGieYU y4g01hwNERUSTUq+DEgYWXeXtVlxX7pbG4HFH+APpIAGJCIh/kOaNPwB CnoahKiIkiZF3q4vioJFUmRXdzvzdt7sm93xkkBmivm6YPX1Pxt4Pjg0 /OLlq5HR4tj4Wha3Ul9U/TiI0w3PzUQgI1FVUgViI0mFG3qBWPd2FvT+ elukmYyjVbWXiK3QbUayIX1XAaoXi7VANNS03bBrqWxuq7f1YokrbIb dazi5UaJ8LMZjhWGq0QeKyacWhSQoIgU7IJcyzE1yiCkBtkUdYCksafY FHZDmthAlEOEC3cG/CW8zRyP4Omdm2D5OCfClYNpU5is+5we+5Au+5R9 P5uqYHFrLHlavyxVJffRwYuX7P1khVkXbv1l/1ayoQe+MVgntiUF0FX6 X397/+LAyt1zuTPEp30H/CV/zF1QQtb/6Z0ti+QjZy/81n67HQy3dG4/ g75rbDE19Ed6vA1y/ThOI1q71auxX/THyaT8FYvdE1vAu0vgKZ+MU9J HzuGt6jbWZisMVZ4lL8zN5Rw3SJL2haXTNLM3Te1qkKpS26ZjO6JP12b qx7qz7bqhVyDmv6Y9hffsJ0mOw/A==</latexit>
(d) , (e)
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FIG. 2. Renormalization step of ATRG in z direction for
the three-dimensional simple cubic lattice model.
where the singular value matrix is truncated to χ. ATRG
thus involves an additional approximation compared
with HOTRG. Due to this truncation, unlike TRG and
HOTRG, ATRG does not sustain axisymmetry of the
networks any more. It is interesting to see that despite
the lack of the symmetry, ATRG in two dimensions still
has the corner double line (CDL) tensor as a fixed-point
tensor as TRG and HOTRG [3].
The computation cost of the whole ATRG renormal-
ization procedure described above is dominated by SVD,
that is, it will be proportional to χ6, if we use full SVD.
The cost can be reduced to O(χ5) by adopting partial
SVD using the Arnoldi method or other techniques. The
computation cost of ATRG is thus the same as TRG
with partial/randomized SVD or projective truncation
method [11, 32] in the two-dimensional case. The mem-
ory footprint is O(χ4), which is needed to store the in-
termediate tensor M . As we will see in Sec. III, however,
the memory footprint can be reduced to O(χ3).
One can easily generalize ATRG to systems in dimen-
sions higher than two. In Fig. 2, we illustrate the renor-
malization step of ATRG in three dimensions. For d-
dimensional hypercubic lattices, ATRG can renormalize
tensors with computation cost of O(χ2d+1) and memory
footprint of O(χd+1).
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<latexit sha1_base64="zHmRMUGotKscRdVSaIx+2itb8VI=">AAADK3 icpVK/axRBFP5uNRpjYhJtBJvD44LV8TZNxCpgI9jkEi8JJCHsrpPLkP3F7txJPPwHtFUsrBQsRPwrbOzFImJrEVJGsLHwm7kViUe0cIbdee+b97353 swL81iXRuSg5p05O3bu/PiFiYuTU5emZ2Yvr5ZZr4hUJ8rirFgPg1LFOlUdo02s1vNCBUkYq7Vw77bdX+urotRZes/s52orCbqp3tFRYAi1727PNKQlb tRHDb8yGqjGUjZbm8Am7iNDhB4SKKQwtGMEKDk34EOQE9vCgFhBS7t9hUew3B6jFCMConv8d+ltVGhK3+YsHTviKTG/gsw6mvJJ3sixfJC3cig/Ts01 cDmsln2u4ZCr8u3px1dXvv+TlXA12P3N+qtmgx3cdFo1tecOsVVEQ37/4fPjlVvLzcGcvJIj6n8pB/KeFaT9b9Hrtlp+wezN/5qn1xOyluGNp/QfuNt MXH0p329A3L5Ol4jVbvVa7Ff9GfNZvyBSH4nc5Lto5xuezVPYR/6fXTNqrM63fGn5bWkszlcdNY5ruI4b7JoFLOIOltChUoUneIpn3jvvo/fZ+zIM9Wo V5wpODO/rT2vtqwg=</latexit><latexit sha1_base64="zHmRMUGotKscRdVSaIx+2itb8VI=">AAADK3 icpVK/axRBFP5uNRpjYhJtBJvD44LV8TZNxCpgI9jkEi8JJCHsrpPLkP3F7txJPPwHtFUsrBQsRPwrbOzFImJrEVJGsLHwm7kViUe0cIbdee+b97353 swL81iXRuSg5p05O3bu/PiFiYuTU5emZ2Yvr5ZZr4hUJ8rirFgPg1LFOlUdo02s1vNCBUkYq7Vw77bdX+urotRZes/s52orCbqp3tFRYAi1727PNKQlb tRHDb8yGqjGUjZbm8Am7iNDhB4SKKQwtGMEKDk34EOQE9vCgFhBS7t9hUew3B6jFCMConv8d+ltVGhK3+YsHTviKTG/gsw6mvJJ3sixfJC3cig/Ts01 cDmsln2u4ZCr8u3px1dXvv+TlXA12P3N+qtmgx3cdFo1tecOsVVEQ37/4fPjlVvLzcGcvJIj6n8pB/KeFaT9b9Hrtlp+wezN/5qn1xOyluGNp/QfuNt MXH0p329A3L5Ol4jVbvVa7Ff9GfNZvyBSH4nc5Lto5xuezVPYR/6fXTNqrM63fGn5bWkszlcdNY5ruI4b7JoFLOIOltChUoUneIpn3jvvo/fZ+zIM9Wo V5wpODO/rT2vtqwg=</latexit><latexit sha1_base64="zHmRMUGotKscRdVSaIx+2itb8VI=">AAADK3 icpVK/axRBFP5uNRpjYhJtBJvD44LV8TZNxCpgI9jkEi8JJCHsrpPLkP3F7txJPPwHtFUsrBQsRPwrbOzFImJrEVJGsLHwm7kViUe0cIbdee+b97353 swL81iXRuSg5p05O3bu/PiFiYuTU5emZ2Yvr5ZZr4hUJ8rirFgPg1LFOlUdo02s1vNCBUkYq7Vw77bdX+urotRZes/s52orCbqp3tFRYAi1727PNKQlb tRHDb8yGqjGUjZbm8Am7iNDhB4SKKQwtGMEKDk34EOQE9vCgFhBS7t9hUew3B6jFCMConv8d+ltVGhK3+YsHTviKTG/gsw6mvJJ3sixfJC3cig/Ts01 cDmsln2u4ZCr8u3px1dXvv+TlXA12P3N+qtmgx3cdFo1tecOsVVEQ37/4fPjlVvLzcGcvJIj6n8pB/KeFaT9b9Hrtlp+wezN/5qn1xOyluGNp/QfuNt MXH0p329A3L5Ol4jVbvVa7Ff9GfNZvyBSH4nc5Lto5xuezVPYR/6fXTNqrM63fGn5bWkszlcdNY5ruI4b7JoFLOIOltChUoUneIpn3jvvo/fZ+zIM9Wo V5wpODO/rT2vtqwg=</latexit><latexit sha1_base64="zHmRMUGotKscRdVSaIx+2itb8VI=">AAADK3 icpVK/axRBFP5uNRpjYhJtBJvD44LV8TZNxCpgI9jkEi8JJCHsrpPLkP3F7txJPPwHtFUsrBQsRPwrbOzFImJrEVJGsLHwm7kViUe0cIbdee+b97353 swL81iXRuSg5p05O3bu/PiFiYuTU5emZ2Yvr5ZZr4hUJ8rirFgPg1LFOlUdo02s1vNCBUkYq7Vw77bdX+urotRZes/s52orCbqp3tFRYAi1727PNKQlb tRHDb8yGqjGUjZbm8Am7iNDhB4SKKQwtGMEKDk34EOQE9vCgFhBS7t9hUew3B6jFCMConv8d+ltVGhK3+YsHTviKTG/gsw6mvJJ3sixfJC3cig/Ts01 cDmsln2u4ZCr8u3px1dXvv+TlXA12P3N+qtmgx3cdFo1tecOsVVEQ37/4fPjlVvLzcGcvJIj6n8pB/KeFaT9b9Hrtlp+wezN/5qn1xOyluGNp/QfuNt MXH0p329A3L5Ol4jVbvVa7Ff9GfNZvyBSH4nc5Lto5xuezVPYR/6fXTNqrM63fGn5bWkszlcdNY5ruI4b7JoFLOIOltChUoUneIpn3jvvo/fZ+zIM9Wo V5wpODO/rT2vtqwg=</latexit>
A  (C  )
<latexit sha1_base64="Mgqocjbq1ROmjM4xOJ6ieyKiM+M=">AAADUH icpVI7bxNBEP585hEcIA40SDQnjFForLk0QVSJ0qTMAyeR4mDdHWtnlXtpb22UnPIH8gcoUoFEgWhooaWhRqLIT0CUQYIiEsyuD/GwAgW7utuZb+eb/ WZ3giySuSY6rjjVc+cvXJy4VJu8fOXqVH362nqeDlQo2mEapWoz8HMRyUS0tdSR2MyU8OMgEhvB7qLZ3xgKlcs0eaD3MrEd+/1E9mToa4a69dsLD4tO pmQsDtxOJHp6xl38BVGyv6PvdusNapEd7rjhlUYD5VhOpys1dPAIKUIMEEMggWY7go+c5xY8EDLGtlEwptiSdl/gAIY74CjBET6ju/zvs7dVogn7Jmd u2SGfEvGnmOmiSR/oBZ3QO3pJH+n0zFyFzWG07PEajLgi604d3lj78k9WzKvGzk/WXzVr9HDPapWsPbOIqSIc8Yf7T07W7q82izv0jD6x/qd0TG+5gm T4OXy+IlaPOHvzv+bZ9QRcy+jGE/Yf29uMbX0Jv1/BuHmdPiNGu9FrsB/1p5zP+IoRdyyyw+8ira/5bD6F+8j7s2vGjfXZlkctb4Ua87NlR03gJm5hh rtmDvNYwjLarPQQr/Aab5z3zlfnW7UyCnXKFdfx26jWvgNItrei</latexit><latexit sha1_base64="Mgqocjbq1ROmjM4xOJ6ieyKiM+M=">AAADUH icpVI7bxNBEP585hEcIA40SDQnjFForLk0QVSJ0qTMAyeR4mDdHWtnlXtpb22UnPIH8gcoUoFEgWhooaWhRqLIT0CUQYIiEsyuD/GwAgW7utuZb+eb/ WZ3giySuSY6rjjVc+cvXJy4VJu8fOXqVH362nqeDlQo2mEapWoz8HMRyUS0tdSR2MyU8OMgEhvB7qLZ3xgKlcs0eaD3MrEd+/1E9mToa4a69dsLD4tO pmQsDtxOJHp6xl38BVGyv6PvdusNapEd7rjhlUYD5VhOpys1dPAIKUIMEEMggWY7go+c5xY8EDLGtlEwptiSdl/gAIY74CjBET6ju/zvs7dVogn7Jmd u2SGfEvGnmOmiSR/oBZ3QO3pJH+n0zFyFzWG07PEajLgi604d3lj78k9WzKvGzk/WXzVr9HDPapWsPbOIqSIc8Yf7T07W7q82izv0jD6x/qd0TG+5gm T4OXy+IlaPOHvzv+bZ9QRcy+jGE/Yf29uMbX0Jv1/BuHmdPiNGu9FrsB/1p5zP+IoRdyyyw+8ira/5bD6F+8j7s2vGjfXZlkctb4Ua87NlR03gJm5hh rtmDvNYwjLarPQQr/Aab5z3zlfnW7UyCnXKFdfx26jWvgNItrei</latexit><latexit sha1_base64="Mgqocjbq1ROmjM4xOJ6ieyKiM+M=">AAADUH icpVI7bxNBEP585hEcIA40SDQnjFForLk0QVSJ0qTMAyeR4mDdHWtnlXtpb22UnPIH8gcoUoFEgWhooaWhRqLIT0CUQYIiEsyuD/GwAgW7utuZb+eb/ WZ3giySuSY6rjjVc+cvXJy4VJu8fOXqVH362nqeDlQo2mEapWoz8HMRyUS0tdSR2MyU8OMgEhvB7qLZ3xgKlcs0eaD3MrEd+/1E9mToa4a69dsLD4tO pmQsDtxOJHp6xl38BVGyv6PvdusNapEd7rjhlUYD5VhOpys1dPAIKUIMEEMggWY7go+c5xY8EDLGtlEwptiSdl/gAIY74CjBET6ju/zvs7dVogn7Jmd u2SGfEvGnmOmiSR/oBZ3QO3pJH+n0zFyFzWG07PEajLgi604d3lj78k9WzKvGzk/WXzVr9HDPapWsPbOIqSIc8Yf7T07W7q82izv0jD6x/qd0TG+5gm T4OXy+IlaPOHvzv+bZ9QRcy+jGE/Yf29uMbX0Jv1/BuHmdPiNGu9FrsB/1p5zP+IoRdyyyw+8ira/5bD6F+8j7s2vGjfXZlkctb4Ua87NlR03gJm5hh rtmDvNYwjLarPQQr/Aab5z3zlfnW7UyCnXKFdfx26jWvgNItrei</latexit><latexit sha1_base64="Mgqocjbq1ROmjM4xOJ6ieyKiM+M=">AAADUH icpVI7bxNBEP585hEcIA40SDQnjFForLk0QVSJ0qTMAyeR4mDdHWtnlXtpb22UnPIH8gcoUoFEgWhooaWhRqLIT0CUQYIiEsyuD/GwAgW7utuZb+eb/ WZ3giySuSY6rjjVc+cvXJy4VJu8fOXqVH362nqeDlQo2mEapWoz8HMRyUS0tdSR2MyU8OMgEhvB7qLZ3xgKlcs0eaD3MrEd+/1E9mToa4a69dsLD4tO pmQsDtxOJHp6xl38BVGyv6PvdusNapEd7rjhlUYD5VhOpys1dPAIKUIMEEMggWY7go+c5xY8EDLGtlEwptiSdl/gAIY74CjBET6ju/zvs7dVogn7Jmd u2SGfEvGnmOmiSR/oBZ3QO3pJH+n0zFyFzWG07PEajLgi604d3lj78k9WzKvGzk/WXzVr9HDPapWsPbOIqSIc8Yf7T07W7q82izv0jD6x/qd0TG+5gm T4OXy+IlaPOHvzv+bZ9QRcy+jGE/Yf29uMbX0Jv1/BuHmdPiNGu9FrsB/1p5zP+IoRdyyyw+8ira/5bD6F+8j7s2vGjfXZlkctb4Ua87NlR03gJm5hh rtmDvNYwjLarPQQr/Aab5z3zlfnW7UyCnXKFdfx26jWvgNItrei</latexit>
B  (D )
<latexit sha1_base64="9HKXe0y182p0STYpEfii7eVrkiI=">AAADUH icpVI7bxNBEB6feQTziAMNEs0JYxQaay5NUKooUFDmgZNIcbDujrWzyr20t3aUnPIH8gcoqECiiNLQQktDjUSRn4AogwQFEny7PsTDChTs6m5nvp1v 9pvdCbJI5pr5uOJUz5w9d37iQu3ipctXJutTV1fzdKBC0Q7TKFXrgZ+LSCairaWOxHqmhB8HkVgLtu+Z/bWhULlMk4d6NxObsd9PZE+GvgbUrd9aeFR 0MiVjse92ItHT0+79XxAl+1v6Trfe4Bbb4Y4bXmk0qByL6VSlRh16TCmFNKCYBCWkYUfkU465QR4xZcA2qQCmYEm7L2ifDHeAKIEIH+g2/n14GyWaw Dc5c8sOcUqET4HpUpPf8yGf8Fs+4g/89dRchc1htOxiDUZckXUnD66vfP4nK8aqaesn66+aNfXortUqoT2ziKkiHPGHe09OVuaWm8Vtfs4fof8ZH/Mb VJAMP4UvlsTyU2Rv/tc8vZ4AtYxuPIG/Y28ztvUleL8CuHmdPhCj3eg12I/6U+QzvgLijkV28C7S+hpn4xT0kfdn14wbqzMtj1veEjfmZ8qOmqAbdJ Om0TWzNE8PaJHaUHpAL+kVvXbeOV+cb9XKKNQpV7pGv41q7TtOeLek</latexit><latexit sha1_base64="9HKXe0y182p0STYpEfii7eVrkiI=">AAADUH icpVI7bxNBEB6feQTziAMNEs0JYxQaay5NUKooUFDmgZNIcbDujrWzyr20t3aUnPIH8gcoqECiiNLQQktDjUSRn4AogwQFEny7PsTDChTs6m5nvp1v 9pvdCbJI5pr5uOJUz5w9d37iQu3ipctXJutTV1fzdKBC0Q7TKFXrgZ+LSCairaWOxHqmhB8HkVgLtu+Z/bWhULlMk4d6NxObsd9PZE+GvgbUrd9aeFR 0MiVjse92ItHT0+79XxAl+1v6Trfe4Bbb4Y4bXmk0qByL6VSlRh16TCmFNKCYBCWkYUfkU465QR4xZcA2qQCmYEm7L2ifDHeAKIEIH+g2/n14GyWaw Dc5c8sOcUqET4HpUpPf8yGf8Fs+4g/89dRchc1htOxiDUZckXUnD66vfP4nK8aqaesn66+aNfXortUqoT2ziKkiHPGHe09OVuaWm8Vtfs4fof8ZH/Mb VJAMP4UvlsTyU2Rv/tc8vZ4AtYxuPIG/Y28ztvUleL8CuHmdPhCj3eg12I/6U+QzvgLijkV28C7S+hpn4xT0kfdn14wbqzMtj1veEjfmZ8qOmqAbdJ Om0TWzNE8PaJHaUHpAL+kVvXbeOV+cb9XKKNQpV7pGv41q7TtOeLek</latexit><latexit sha1_base64="9HKXe0y182p0STYpEfii7eVrkiI=">AAADUH icpVI7bxNBEB6feQTziAMNEs0JYxQaay5NUKooUFDmgZNIcbDujrWzyr20t3aUnPIH8gcoqECiiNLQQktDjUSRn4AogwQFEny7PsTDChTs6m5nvp1v 9pvdCbJI5pr5uOJUz5w9d37iQu3ipctXJutTV1fzdKBC0Q7TKFXrgZ+LSCairaWOxHqmhB8HkVgLtu+Z/bWhULlMk4d6NxObsd9PZE+GvgbUrd9aeFR 0MiVjse92ItHT0+79XxAl+1v6Trfe4Bbb4Y4bXmk0qByL6VSlRh16TCmFNKCYBCWkYUfkU465QR4xZcA2qQCmYEm7L2ifDHeAKIEIH+g2/n14GyWaw Dc5c8sOcUqET4HpUpPf8yGf8Fs+4g/89dRchc1htOxiDUZckXUnD66vfP4nK8aqaesn66+aNfXortUqoT2ziKkiHPGHe09OVuaWm8Vtfs4fof8ZH/Mb VJAMP4UvlsTyU2Rv/tc8vZ4AtYxuPIG/Y28ztvUleL8CuHmdPhCj3eg12I/6U+QzvgLijkV28C7S+hpn4xT0kfdn14wbqzMtj1veEjfmZ8qOmqAbdJ Om0TWzNE8PaJHaUHpAL+kVvXbeOV+cb9XKKNQpV7pGv41q7TtOeLek</latexit><latexit sha1_base64="9HKXe0y182p0STYpEfii7eVrkiI=">AAADUH icpVI7bxNBEB6feQTziAMNEs0JYxQaay5NUKooUFDmgZNIcbDujrWzyr20t3aUnPIH8gcoqECiiNLQQktDjUSRn4AogwQFEny7PsTDChTs6m5nvp1v 9pvdCbJI5pr5uOJUz5w9d37iQu3ipctXJutTV1fzdKBC0Q7TKFXrgZ+LSCairaWOxHqmhB8HkVgLtu+Z/bWhULlMk4d6NxObsd9PZE+GvgbUrd9aeFR 0MiVjse92ItHT0+79XxAl+1v6Trfe4Bbb4Y4bXmk0qByL6VSlRh16TCmFNKCYBCWkYUfkU465QR4xZcA2qQCmYEm7L2ifDHeAKIEIH+g2/n14GyWaw Dc5c8sOcUqET4HpUpPf8yGf8Fs+4g/89dRchc1htOxiDUZckXUnD66vfP4nK8aqaesn66+aNfXortUqoT2ziKkiHPGHe09OVuaWm8Vtfs4fof8ZH/Mb VJAMP4UvlsTyU2Rv/tc8vZ4AtYxuPIG/Y28ztvUleL8CuHmdPhCj3eg12I/6U+QzvgLijkV28C7S+hpn4xT0kfdn14wbqzMtj1veEjfmZ8qOmqAbdJ Om0TWzNE8PaJHaUHpAL+kVvXbeOV+cb9XKKNQpV7pGv41q7TtOeLek</latexit>
O( 4)
<latexit sha1_base64="k7tKsIdyf97X1cd8tq9TvUS1LMU=">AAADNX icpVLLShxBFL3TanzExNcm4KbJMMFshtsSiLgSsnHnc1SYMdLdKcfCftFdM2IGf8C9uBASIrgQPyAfkI0/4MKFOwmIiywMZJNFTtV0CMlgskgV3XXvq XtunVt1vSSQmWK+LFhd3T0Pevv6Bx4OPno8NDwyupLFjdQXFT8O4nTNczMRyEhUlFSBWEtS4YZeIFa97Vd6f7Up0kzG0bLaTcR66NYjuSl9VwGqzk3Y NX9Lvn5hP98YLnKZzbA7DSc3ipSP+XikMEA1ekMx+dSgkARFpGAH5FKGWSWHmBJg69QClsKSZl/QHmluA1ECES7Qbfzr8Ko5GsHXOTPD9nFKgC8F06 YSX/Ap3/E5n/ENf783V8vk0Fp2sXptrkg2hvafLH37JyvEqmjrF+uvmhVt0pTRKqE9MYiuwm/zm28P75amF0utZ3zMt9D/gS/5EyqIml/9kwWxeITsp f+a99fjoZb2jUfwd8xthqa+CO/XAq5fpw5Ea9d6Nfaz/hj5tJ8CsTsia3gXaXyFs3EK+sj5s2s6jZXJssNlZ4GLM5N5R/XROD2lCXTNS5qhWZqnilF6 QO/ovfXRurKurc/tUKuQc8bot2F9+QGEN64j</latexit><latexit sha1_base64="k7tKsIdyf97X1cd8tq9TvUS1LMU=">AAADNX icpVLLShxBFL3TanzExNcm4KbJMMFshtsSiLgSsnHnc1SYMdLdKcfCftFdM2IGf8C9uBASIrgQPyAfkI0/4MKFOwmIiywMZJNFTtV0CMlgskgV3XXvq XtunVt1vSSQmWK+LFhd3T0Pevv6Bx4OPno8NDwyupLFjdQXFT8O4nTNczMRyEhUlFSBWEtS4YZeIFa97Vd6f7Up0kzG0bLaTcR66NYjuSl9VwGqzk3Y NX9Lvn5hP98YLnKZzbA7DSc3ipSP+XikMEA1ekMx+dSgkARFpGAH5FKGWSWHmBJg69QClsKSZl/QHmluA1ECES7Qbfzr8Ko5GsHXOTPD9nFKgC8F06 YSX/Ap3/E5n/ENf783V8vk0Fp2sXptrkg2hvafLH37JyvEqmjrF+uvmhVt0pTRKqE9MYiuwm/zm28P75amF0utZ3zMt9D/gS/5EyqIml/9kwWxeITsp f+a99fjoZb2jUfwd8xthqa+CO/XAq5fpw5Ea9d6Nfaz/hj5tJ8CsTsia3gXaXyFs3EK+sj5s2s6jZXJssNlZ4GLM5N5R/XROD2lCXTNS5qhWZqnilF6 QO/ovfXRurKurc/tUKuQc8bot2F9+QGEN64j</latexit><latexit sha1_base64="k7tKsIdyf97X1cd8tq9TvUS1LMU=">AAADNX icpVLLShxBFL3TanzExNcm4KbJMMFshtsSiLgSsnHnc1SYMdLdKcfCftFdM2IGf8C9uBASIrgQPyAfkI0/4MKFOwmIiywMZJNFTtV0CMlgskgV3XXvq XtunVt1vSSQmWK+LFhd3T0Pevv6Bx4OPno8NDwyupLFjdQXFT8O4nTNczMRyEhUlFSBWEtS4YZeIFa97Vd6f7Up0kzG0bLaTcR66NYjuSl9VwGqzk3Y NX9Lvn5hP98YLnKZzbA7DSc3ipSP+XikMEA1ekMx+dSgkARFpGAH5FKGWSWHmBJg69QClsKSZl/QHmluA1ECES7Qbfzr8Ko5GsHXOTPD9nFKgC8F06 YSX/Ap3/E5n/ENf783V8vk0Fp2sXptrkg2hvafLH37JyvEqmjrF+uvmhVt0pTRKqE9MYiuwm/zm28P75amF0utZ3zMt9D/gS/5EyqIml/9kwWxeITsp f+a99fjoZb2jUfwd8xthqa+CO/XAq5fpw5Ea9d6Nfaz/hj5tJ8CsTsia3gXaXyFs3EK+sj5s2s6jZXJssNlZ4GLM5N5R/XROD2lCXTNS5qhWZqnilF6 QO/ovfXRurKurc/tUKuQc8bot2F9+QGEN64j</latexit><latexit sha1_base64="k7tKsIdyf97X1cd8tq9TvUS1LMU=">AAADNX icpVLLShxBFL3TanzExNcm4KbJMMFshtsSiLgSsnHnc1SYMdLdKcfCftFdM2IGf8C9uBASIrgQPyAfkI0/4MKFOwmIiywMZJNFTtV0CMlgskgV3XXvq XtunVt1vSSQmWK+LFhd3T0Pevv6Bx4OPno8NDwyupLFjdQXFT8O4nTNczMRyEhUlFSBWEtS4YZeIFa97Vd6f7Up0kzG0bLaTcR66NYjuSl9VwGqzk3Y NX9Lvn5hP98YLnKZzbA7DSc3ipSP+XikMEA1ekMx+dSgkARFpGAH5FKGWSWHmBJg69QClsKSZl/QHmluA1ECES7Qbfzr8Ko5GsHXOTPD9nFKgC8F06 YSX/Ap3/E5n/ENf783V8vk0Fp2sXptrkg2hvafLH37JyvEqmjrF+uvmhVt0pTRKqE9MYiuwm/zm28P75amF0utZ3zMt9D/gS/5EyqIml/9kwWxeITsp f+a99fjoZb2jUfwd8xthqa+CO/XAq5fpw5Ea9d6Nfaz/hj5tJ8CsTsia3gXaXyFs3EK+sj5s2s6jZXJssNlZ4GLM5N5R/XROD2lCXTNS5qhWZqnilF6 QO/ovfXRurKurc/tUKuQc8bot2F9+QGEN64j</latexit>
O( 3)
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FIG. 3. Reduction of SVD computation cost for the
two-dimensional square lattice model. Here, K =
S{G}V
t
{G}U{H}S{H}.
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FIG. 4. Preparation of squeezers E and F in step (d) in
Fig. 1. These squeezers E and F are chosen so as to minimize
‖LR− LFER‖2.
III. TECHNIQUES
In this section, we discuss several techniques in detail
to achieve the optimal cost in ATRG.
First, in step (a) of Fig. 1, there remains freedom in
choosing the bond geometry of A, B, etc. If bond geom-
etry of A′ and B′ (or C ′ and D′) in the following renor-
malization step so as to match the geometry of G and
H in the previous step, respectively, we can avoid SVD
of T ′, which introduces additional truncation errors, and
continue renormalization procedure by using SVDs for G
and H, which have no truncation error. The modified
step is illustrated in Fig. 3. Note that explicit SVD of
T ′ requires the computation cost of O(χ5), while in the
modified procedure the cost is reduced to O(χ4) that in-
cludes SVDs of G and H, and also of the intermediate
two-bond tensor, K, defined asK = S{G}V t{G}U{H}S{H}.
Next, we explain how to obtain squeezers E and F
in step (d) in Fig. 1. In this step, as we explained, we
want to prepare squeezers E and F that satisfy Eqs. (10)-
(15). In general, such squeezers should minimize ‖LR −
LFER‖2, where L = Y D, R = AX, and ‖ ·‖ denotes the
Frobenius norm, and thus they can be obtained from the
results of partial SVD of LR as
E = S
− 12
{LR}V{LR}L (16)
F = RU t{LR}S
− 12
{LR} (17)
(Fig. 4) [33].
In the above procedure, the cost for obtaining the
squeezers is naively expected to be the same as that of
partial SVD, i.e., O(χ2d+1). However, it can be reduced
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 d 1
<latexit sha1_ba se64="qbrW1yyHJfFmn67eb1xC2fha K4Q=">AAADNHicpVJLSxxBEK4d8/CR xNdFyGVxWcklS42XhJyEXHL0tSpxVW bGdm2c6RlmejeYwT+QcyCHYCCCB/Hu H8glfyAHIbeQQxC8KHjx4Ne9I5IsJo d0M9NVX9dX/VV3+UkoM818XHJ67ty9 d7+3r3/gwcNHg0PDIwtZ3EoDUQ/iME 6XfC8ToVSirqUOxVKSCi/yQ7Hob700 +4ttkWYyVvN6OxErkddUckMGngb0uh FsytV8/am7szZU4RrbUe423MKoUDGm 4+FSPzVonWIKqEURCVKkYYfkUYa5TC 4xJcBWKAeWwpJ2X9AOGW4LUQIRHtAt /JvwlgtUwTc5M8sOcEqILwWzTFX+xg d8xl/5kH/x5a25cpvDaNnG6ne4Ilkb fDc2d/FPVoRV0+YN66+aNW3Qc6tVQn tiEVNF0OG33344m3sxW80neI9PoP8z H/MXVKDa58H+jJj9iOzV/5q31+Ojls 6NK/hv7G1Gtj6F98uBm9dpAjHajV6D XdcfI5/xUyDlrsgG3kVaX+NsnII+cv /smm5jYbLmcs2d4crUZNFRvfSYxukJ uuYZTdErmqY6lCp6T7v0yTlyvjs/nJ +dUKdUcEbpt+GcXgEsn66/</latexi t><latexit sha1_ba se64="qbrW1yyHJfFmn67eb1xC2fha K4Q=">AAADNHicpVJLSxxBEK4d8/CR xNdFyGVxWcklS42XhJyEXHL0tSpxVW bGdm2c6RlmejeYwT+QcyCHYCCCB/Hu H8glfyAHIbeQQxC8KHjx4Ne9I5IsJo d0M9NVX9dX/VV3+UkoM818XHJ67ty9 d7+3r3/gwcNHg0PDIwtZ3EoDUQ/iME 6XfC8ToVSirqUOxVKSCi/yQ7Hob700 +4ttkWYyVvN6OxErkddUckMGngb0uh FsytV8/am7szZU4RrbUe423MKoUDGm 4+FSPzVonWIKqEURCVKkYYfkUYa5TC 4xJcBWKAeWwpJ2X9AOGW4LUQIRHtAt /JvwlgtUwTc5M8sOcEqILwWzTFX+xg d8xl/5kH/x5a25cpvDaNnG6ne4Ilkb fDc2d/FPVoRV0+YN66+aNW3Qc6tVQn tiEVNF0OG33344m3sxW80neI9PoP8z H/MXVKDa58H+jJj9iOzV/5q31+Ojls 6NK/hv7G1Gtj6F98uBm9dpAjHajV6D XdcfI5/xUyDlrsgG3kVaX+NsnII+cv /smm5jYbLmcs2d4crUZNFRvfSYxukJ uuYZTdErmqY6lCp6T7v0yTlyvjs/nJ +dUKdUcEbpt+GcXgEsn66/</latexi t><latexit sha1_ba se64="qbrW1yyHJfFmn67eb1xC2fha K4Q=">AAADNHicpVJLSxxBEK4d8/CR xNdFyGVxWcklS42XhJyEXHL0tSpxVW bGdm2c6RlmejeYwT+QcyCHYCCCB/Hu H8glfyAHIbeQQxC8KHjx4Ne9I5IsJo d0M9NVX9dX/VV3+UkoM818XHJ67ty9 d7+3r3/gwcNHg0PDIwtZ3EoDUQ/iME 6XfC8ToVSirqUOxVKSCi/yQ7Hob700 +4ttkWYyVvN6OxErkddUckMGngb0uh FsytV8/am7szZU4RrbUe423MKoUDGm 4+FSPzVonWIKqEURCVKkYYfkUYa5TC 4xJcBWKAeWwpJ2X9AOGW4LUQIRHtAt /JvwlgtUwTc5M8sOcEqILwWzTFX+xg d8xl/5kH/x5a25cpvDaNnG6ne4Ilkb fDc2d/FPVoRV0+YN66+aNW3Qc6tVQn tiEVNF0OG33344m3sxW80neI9PoP8z H/MXVKDa58H+jJj9iOzV/5q31+Ojls 6NK/hv7G1Gtj6F98uBm9dpAjHajV6D XdcfI5/xUyDlrsgG3kVaX+NsnII+cv /smm5jYbLmcs2d4crUZNFRvfSYxukJ uuYZTdErmqY6lCp6T7v0yTlyvjs/nJ +dUKdUcEbpt+GcXgEsn66/</latexi t><latexit sha1_ba se64="qbrW1yyHJfFmn67eb1xC2fha K4Q=">AAADNHicpVJLSxxBEK4d8/CR xNdFyGVxWcklS42XhJyEXHL0tSpxVW bGdm2c6RlmejeYwT+QcyCHYCCCB/Hu H8glfyAHIbeQQxC8KHjx4Ne9I5IsJo d0M9NVX9dX/VV3+UkoM818XHJ67ty9 d7+3r3/gwcNHg0PDIwtZ3EoDUQ/iME 6XfC8ToVSirqUOxVKSCi/yQ7Hob700 +4ttkWYyVvN6OxErkddUckMGngb0uh FsytV8/am7szZU4RrbUe423MKoUDGm 4+FSPzVonWIKqEURCVKkYYfkUYa5TC 4xJcBWKAeWwpJ2X9AOGW4LUQIRHtAt /JvwlgtUwTc5M8sOcEqILwWzTFX+xg d8xl/5kH/x5a25cpvDaNnG6ne4Ilkb fDc2d/FPVoRV0+YN66+aNW3Qc6tVQn tiEVNF0OG33344m3sxW80neI9PoP8z H/MXVKDa58H+jJj9iOzV/5q31+Ojls 6NK/hv7G1Gtj6F98uBm9dpAjHajV6D XdcfI5/xUyDlrsgG3kVaX+NsnII+cv /smm5jYbLmcs2d4crUZNFRvfSYxukJ uuYZTdErmqY6lCp6T7v0yTlyvjs/nJ +dUKdUcEbpt+GcXgEsn66/</latexi t>
 d 1
<latexit sha1_ba se64="qbrW1yyHJfFmn67eb1xC2fha K4Q=">AAADNHicpVJLSxxBEK4d8/CR xNdFyGVxWcklS42XhJyEXHL0tSpxVW bGdm2c6RlmejeYwT+QcyCHYCCCB/Hu H8glfyAHIbeQQxC8KHjx4Ne9I5IsJo d0M9NVX9dX/VV3+UkoM818XHJ67ty9 d7+3r3/gwcNHg0PDIwtZ3EoDUQ/iME 6XfC8ToVSirqUOxVKSCi/yQ7Hob700 +4ttkWYyVvN6OxErkddUckMGngb0uh FsytV8/am7szZU4RrbUe423MKoUDGm 4+FSPzVonWIKqEURCVKkYYfkUYa5TC 4xJcBWKAeWwpJ2X9AOGW4LUQIRHtAt /JvwlgtUwTc5M8sOcEqILwWzTFX+xg d8xl/5kH/x5a25cpvDaNnG6ne4Ilkb fDc2d/FPVoRV0+YN66+aNW3Qc6tVQn tiEVNF0OG33344m3sxW80neI9PoP8z H/MXVKDa58H+jJj9iOzV/5q31+Ojls 6NK/hv7G1Gtj6F98uBm9dpAjHajV6D XdcfI5/xUyDlrsgG3kVaX+NsnII+cv /smm5jYbLmcs2d4crUZNFRvfSYxukJ uuYZTdErmqY6lCp6T7v0yTlyvjs/nJ +dUKdUcEbpt+GcXgEsn66/</latexi t><latexit sha1_ba se64="qbrW1yyHJfFmn67eb1xC2fha K4Q=">AAADNHicpVJLSxxBEK4d8/CR xNdFyGVxWcklS42XhJyEXHL0tSpxVW bGdm2c6RlmejeYwT+QcyCHYCCCB/Hu H8glfyAHIbeQQxC8KHjx4Ne9I5IsJo d0M9NVX9dX/VV3+UkoM818XHJ67ty9 d7+3r3/gwcNHg0PDIwtZ3EoDUQ/iME 6XfC8ToVSirqUOxVKSCi/yQ7Hob700 +4ttkWYyVvN6OxErkddUckMGngb0uh FsytV8/am7szZU4RrbUe423MKoUDGm 4+FSPzVonWIKqEURCVKkYYfkUYa5TC 4xJcBWKAeWwpJ2X9AOGW4LUQIRHtAt /JvwlgtUwTc5M8sOcEqILwWzTFX+xg d8xl/5kH/x5a25cpvDaNnG6ne4Ilkb fDc2d/FPVoRV0+YN66+aNW3Qc6tVQn tiEVNF0OG33344m3sxW80neI9PoP8z H/MXVKDa58H+jJj9iOzV/5q31+Ojls 6NK/hv7G1Gtj6F98uBm9dpAjHajV6D XdcfI5/xUyDlrsgG3kVaX+NsnII+cv /smm5jYbLmcs2d4crUZNFRvfSYxukJ uuYZTdErmqY6lCp6T7v0yTlyvjs/nJ +dUKdUcEbpt+GcXgEsn66/</latexi t><latexit sha1_ba se64="qbrW1yyHJfFmn67eb1xC2fha K4Q=">AAADNHicpVJLSxxBEK4d8/CR xNdFyGVxWcklS42XhJyEXHL0tSpxVW bGdm2c6RlmejeYwT+QcyCHYCCCB/Hu H8glfyAHIbeQQxC8KHjx4Ne9I5IsJo d0M9NVX9dX/VV3+UkoM818XHJ67ty9 d7+3r3/gwcNHg0PDIwtZ3EoDUQ/iME 6XfC8ToVSirqUOxVKSCi/yQ7Hob700 +4ttkWYyVvN6OxErkddUckMGngb0uh FsytV8/am7szZU4RrbUe423MKoUDGm 4+FSPzVonWIKqEURCVKkYYfkUYa5TC 4xJcBWKAeWwpJ2X9AOGW4LUQIRHtAt /JvwlgtUwTc5M8sOcEqILwWzTFX+xg d8xl/5kH/x5a25cpvDaNnG6ne4Ilkb fDc2d/FPVoRV0+YN66+aNW3Qc6tVQn tiEVNF0OG33344m3sxW80neI9PoP8z H/MXVKDa58H+jJj9iOzV/5q31+Ojls 6NK/hv7G1Gtj6F98uBm9dpAjHajV6D XdcfI5/xUyDlrsgG3kVaX+NsnII+cv /smm5jYbLmcs2d4crUZNFRvfSYxukJ uuYZTdErmqY6lCp6T7v0yTlyvjs/nJ +dUKdUcEbpt+GcXgEsn66/</latexi t><latexit sha1_ba se64="qbrW1yyHJfFmn67eb1xC2fha K4Q=">AAADNHicpVJLSxxBEK4d8/CR xNdFyGVxWcklS42XhJyEXHL0tSpxVW bGdm2c6RlmejeYwT+QcyCHYCCCB/Hu H8glfyAHIbeQQxC8KHjx4Ne9I5IsJo d0M9NVX9dX/VV3+UkoM818XHJ67ty9 d7+3r3/gwcNHg0PDIwtZ3EoDUQ/iME 6XfC8ToVSirqUOxVKSCi/yQ7Hob700 +4ttkWYyVvN6OxErkddUckMGngb0uh FsytV8/am7szZU4RrbUe423MKoUDGm 4+FSPzVonWIKqEURCVKkYYfkUYa5TC 4xJcBWKAeWwpJ2X9AOGW4LUQIRHtAt /JvwlgtUwTc5M8sOcEqILwWzTFX+xg d8xl/5kH/x5a25cpvDaNnG6ne4Ilkb fDc2d/FPVoRV0+YN66+aNW3Qc6tVQn tiEVNF0OG33344m3sxW80neI9PoP8z H/MXVKDa58H+jJj9iOzV/5q31+Ojls 6NK/hv7G1Gtj6F98uBm9dpAjHajV6D XdcfI5/xUyDlrsgG3kVaX+NsnII+cv /smm5jYbLmcs2d4crUZNFRvfSYxukJ uuYZTdErmqY6lCp6T7v0yTlyvjs/nJ +dUKdUcEbpt+GcXgEsn66/</latexi t>
 
<latexit sha1_b ase64="xBQ0JYW0Eh/BvypK/+MHN0 IDpko=">AAADLnicpVI9bxNBEH0+Ao TwkQQaJBoLy4jKmksTRBWJhjIfOIk UR9HdsbFXuS/drY2ClT+QgjaRUoFE gWj4DzT8AZBSIFoiyiDRUPB2fQiBF SjY1d3OvJ03+2Z3wjzWpRE5rnnnJs5 fuDh5aerylavXpmdmr6+WWb+IVDvK 4qxYD4NSxTpVbaNNrNbzQgVJGKu1c OeB3V8bqKLUWfrI7OZqMwm6qd7WUW As1Il6emumIS1xoz5u+JXRQDUWs9n aFDp4jAwR+kigkMLQjhGg5NyAD0FOb BNDYgUt7fYV9mC5fUYpRgREd/jv0t uo0JS+zVk6dsRTYn4FmXU05b28klN 5J6/lRL6fmWvoclgtu1zDEVflW9P7 N1e+/ZOVcDXo/WL9VbPBNu45rZrac4 fYKqIRf/D04HTl/nJzeEdeyBfqfy7 H8pYVpIOv0csltXzE7M3/mmfXE7KW 0Y2n9J+420xcfSnfb0jcvk6XiNVu9 VrsZ/0Z81m/IFIfi+zwXbTzDc/mKew j/8+uGTdW51q+tPwlaSzMVR01iVu4 jbvsmnks4CEW0abSHp7hAIfeG++D9 9H7NAr1ahXnBn4b3ucfZ4msaw==</ latexit><latexit sha1_b ase64="xBQ0JYW0Eh/BvypK/+MHN0 IDpko=">AAADLnicpVI9bxNBEH0+Ao TwkQQaJBoLy4jKmksTRBWJhjIfOIk UR9HdsbFXuS/drY2ClT+QgjaRUoFE gWj4DzT8AZBSIFoiyiDRUPB2fQiBF SjY1d3OvJ03+2Z3wjzWpRE5rnnnJs5 fuDh5aerylavXpmdmr6+WWb+IVDvK 4qxYD4NSxTpVbaNNrNbzQgVJGKu1c OeB3V8bqKLUWfrI7OZqMwm6qd7WUW As1Il6emumIS1xoz5u+JXRQDUWs9n aFDp4jAwR+kigkMLQjhGg5NyAD0FOb BNDYgUt7fYV9mC5fUYpRgREd/jv0t uo0JS+zVk6dsRTYn4FmXU05b28klN 5J6/lRL6fmWvoclgtu1zDEVflW9P7 N1e+/ZOVcDXo/WL9VbPBNu45rZrac4 fYKqIRf/D04HTl/nJzeEdeyBfqfy7 H8pYVpIOv0csltXzE7M3/mmfXE7KW 0Y2n9J+420xcfSnfb0jcvk6XiNVu9 VrsZ/0Z81m/IFIfi+zwXbTzDc/mKew j/8+uGTdW51q+tPwlaSzMVR01iVu4 jbvsmnks4CEW0abSHp7hAIfeG++D9 9H7NAr1ahXnBn4b3ucfZ4msaw==</ latexit><latexit sha1_b ase64="xBQ0JYW0Eh/BvypK/+MHN0 IDpko=">AAADLnicpVI9bxNBEH0+Ao TwkQQaJBoLy4jKmksTRBWJhjIfOIk UR9HdsbFXuS/drY2ClT+QgjaRUoFE gWj4DzT8AZBSIFoiyiDRUPB2fQiBF SjY1d3OvJ03+2Z3wjzWpRE5rnnnJs5 fuDh5aerylavXpmdmr6+WWb+IVDvK 4qxYD4NSxTpVbaNNrNbzQgVJGKu1c OeB3V8bqKLUWfrI7OZqMwm6qd7WUW As1Il6emumIS1xoz5u+JXRQDUWs9n aFDp4jAwR+kigkMLQjhGg5NyAD0FOb BNDYgUt7fYV9mC5fUYpRgREd/jv0t uo0JS+zVk6dsRTYn4FmXU05b28klN 5J6/lRL6fmWvoclgtu1zDEVflW9P7 N1e+/ZOVcDXo/WL9VbPBNu45rZrac4 fYKqIRf/D04HTl/nJzeEdeyBfqfy7 H8pYVpIOv0csltXzE7M3/mmfXE7KW 0Y2n9J+420xcfSnfb0jcvk6XiNVu9 VrsZ/0Z81m/IFIfi+zwXbTzDc/mKew j/8+uGTdW51q+tPwlaSzMVR01iVu4 jbvsmnks4CEW0abSHp7hAIfeG++D9 9H7NAr1ahXnBn4b3ucfZ4msaw==</ latexit><latexit sha1_b ase64="xBQ0JYW0Eh/BvypK/+MHN0 IDpko=">AAADLnicpVI9bxNBEH0+Ao TwkQQaJBoLy4jKmksTRBWJhjIfOIk UR9HdsbFXuS/drY2ClT+QgjaRUoFE gWj4DzT8AZBSIFoiyiDRUPB2fQiBF SjY1d3OvJ03+2Z3wjzWpRE5rnnnJs5 fuDh5aerylavXpmdmr6+WWb+IVDvK 4qxYD4NSxTpVbaNNrNbzQgVJGKu1c OeB3V8bqKLUWfrI7OZqMwm6qd7WUW As1Il6emumIS1xoz5u+JXRQDUWs9n aFDp4jAwR+kigkMLQjhGg5NyAD0FOb BNDYgUt7fYV9mC5fUYpRgREd/jv0t uo0JS+zVk6dsRTYn4FmXU05b28klN 5J6/lRL6fmWvoclgtu1zDEVflW9P7 N1e+/ZOVcDXo/WL9VbPBNu45rZrac4 fYKqIRf/D04HTl/nJzeEdeyBfqfy7 H8pYVpIOv0csltXzE7M3/mmfXE7KW 0Y2n9J+420xcfSnfb0jcvk6XiNVu9 VrsZ/0Z81m/IFIfi+zwXbTzDc/mKew j/8+uGTdW51q+tPwlaSzMVR01iVu4 jbvsmnks4CEW0abSHp7hAIfeG++D9 9H7NAr1ahXnBn4b3ucfZ4msaw==</ latexit>
 
<latexit sha1_base64="xBQ0JYW0 Eh/BvypK/+MHN0IDpko=">AAADLnicpVI9bxNBEH0+AoTwkQQaJBoLy4jK mksTRBWJhjIfOIkUR9HdsbFXuS/drY2ClT+QgjaRUoFEgWj4DzT8AZBSIFo iyiDRUPB2fQiBFSjY1d3OvJ03+2Z3wjzWpRE5rnnnJs5fuDh5aerylavXp mdmr6+WWb+IVDvK4qxYD4NSxTpVbaNNrNbzQgVJGKu1cOeB3V8bqKLUWfrI 7OZqMwm6qd7WUWAs1Il6emumIS1xoz5u+JXRQDUWs9naFDp4jAwR+kigkM LQjhGg5NyAD0FObBNDYgUt7fYV9mC5fUYpRgREd/jv0tuo0JS+zVk6dsRTY n4FmXU05b28klN5J6/lRL6fmWvoclgtu1zDEVflW9P7N1e+/ZOVcDXo/WL 9VbPBNu45rZrac4fYKqIRf/D04HTl/nJzeEdeyBfqfy7H8pYVpIOv0cslt XzE7M3/mmfXE7KW0Y2n9J+420xcfSnfb0jcvk6XiNVu9VrsZ/0Z81m/IFIf i+zwXbTzDc/mKewj/8+uGTdW51q+tPwlaSzMVR01iVu4jbvsmnks4CEW0a bSHp7hAIfeG++D99H7NAr1ahXnBn4b3ucfZ4msaw==</latexit><latexit sha1_base64="xBQ0JYW0 Eh/BvypK/+MHN0IDpko=">AAADLnicpVI9bxNBEH0+AoTwkQQaJBoLy4jK mksTRBWJhjIfOIkUR9HdsbFXuS/drY2ClT+QgjaRUoFEgWj4DzT8AZBSIFo iyiDRUPB2fQiBFSjY1d3OvJ03+2Z3wjzWpRE5rnnnJs5fuDh5aerylavXp mdmr6+WWb+IVDvK4qxYD4NSxTpVbaNNrNbzQgVJGKu1cOeB3V8bqKLUWfrI 7OZqMwm6qd7WUWAs1Il6emumIS1xoz5u+JXRQDUWs9naFDp4jAwR+kigkM LQjhGg5NyAD0FObBNDYgUt7fYV9mC5fUYpRgREd/jv0tuo0JS+zVk6dsRTY n4FmXU05b28klN5J6/lRL6fmWvoclgtu1zDEVflW9P7N1e+/ZOVcDXo/WL 9VbPBNu45rZrac4fYKqIRf/D04HTl/nJzeEdeyBfqfy7H8pYVpIOv0cslt XzE7M3/mmfXE7KW0Y2n9J+420xcfSnfb0jcvk6XiNVu9VrsZ/0Z81m/IFIf i+zwXbTzDc/mKewj/8+uGTdW51q+tPwlaSzMVR01iVu4jbvsmnks4CEW0a bSHp7hAIfeG++D99H7NAr1ahXnBn4b3ucfZ4msaw==</latexit><latexit sha1_base64="xBQ0JYW0 Eh/BvypK/+MHN0IDpko=">AAADLnicpVI9bxNBEH0+AoTwkQQaJBoLy4jK mksTRBWJhjIfOIkUR9HdsbFXuS/drY2ClT+QgjaRUoFEgWj4DzT8AZBSIFo iyiDRUPB2fQiBFSjY1d3OvJ03+2Z3wjzWpRE5rnnnJs5fuDh5aerylavXp mdmr6+WWb+IVDvK4qxYD4NSxTpVbaNNrNbzQgVJGKu1cOeB3V8bqKLUWfrI 7OZqMwm6qd7WUWAs1Il6emumIS1xoz5u+JXRQDUWs9naFDp4jAwR+kigkM LQjhGg5NyAD0FObBNDYgUt7fYV9mC5fUYpRgREd/jv0tuo0JS+zVk6dsRTY n4FmXU05b28klN5J6/lRL6fmWvoclgtu1zDEVflW9P7N1e+/ZOVcDXo/WL 9VbPBNu45rZrac4fYKqIRf/D04HTl/nJzeEdeyBfqfy7H8pYVpIOv0cslt XzE7M3/mmfXE7KW0Y2n9J+420xcfSnfb0jcvk6XiNVu9VrsZ/0Z81m/IFIf i+zwXbTzDc/mKewj/8+uGTdW51q+tPwlaSzMVR01iVu4jbvsmnks4CEW0a bSHp7hAIfeG++D99H7NAr1ahXnBn4b3ucfZ4msaw==</latexit><latexit sha1_base64="xBQ0JYW0 Eh/BvypK/+MHN0IDpko=">AAADLnicpVI9bxNBEH0+AoTwkQQaJBoLy4jK mksTRBWJhjIfOIkUR9HdsbFXuS/drY2ClT+QgjaRUoFEgWj4DzT8AZBSIFo iyiDRUPB2fQiBFSjY1d3OvJ03+2Z3wjzWpRE5rnnnJs5fuDh5aerylavXp mdmr6+WWb+IVDvK4qxYD4NSxTpVbaNNrNbzQgVJGKu1cOeB3V8bqKLUWfrI 7OZqMwm6qd7WUWAs1Il6emumIS1xoz5u+JXRQDUWs9naFDp4jAwR+kigkM LQjhGg5NyAD0FObBNDYgUt7fYV9mC5fUYpRgREd/jv0tuo0JS+zVk6dsRTY n4FmXU05b28klN5J6/lRL6fmWvoclgtu1zDEVflW9P7N1e+/ZOVcDXo/WL 9VbPBNu45rZrac4fYKqIRf/D04HTl/nJzeEdeyBfqfy7H8pYVpIOv0cslt XzE7M3/mmfXE7KW0Y2n9J+420xcfSnfb0jcvk6XiNVu9VrsZ/0Z81m/IFIf i+zwXbTzDc/mKewj/8+uGTdW51q+tPwlaSzMVR01iVu4jbvsmnks4CEW0a bSHp7hAIfeG++D99H7NAr1ahXnBn4b3ucfZ4msaw==</latexit>
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FIG. 5. Reduction of SVD cost in step (d) and (e) in Fig. 2
for d > 3.
to O(χmax(d+3,7)) as shown in Fig. 5, where A, X, Y , and
D in Fig. 1 are represented as three-bond tensors with
bond dimensions χd−1, χ, χ. In Fig. 5, before making
squeezers, SVD or QR decomposition is performed for
each tensor. By introducing these preprocess, the cost of
SVD for making squeezers in step (d) and (e) in Fig. 2 is
reduced to O(χmax(d+3,7)), which means the cost of SVDs
for making squeezers becomes subleading for d > 3.
Finally, we discuss the computation cost for swapping
bonds [step (c)]. The cost for this procedure can be re-
duced to O(χd+3). In addition, the memory footprint can
also be reduced from O(χ2d) to O(χd+1). In Fig. 6, we
show the procedure to reduce memory in step (b) and (c)
in Fig. 1 in d dimensions. The upper sequence in Fig. 6 is
the original procedure shown in Fig. 1, where the mem-
ory footprint of the intermediate tensor is O(χ2d). In
partial SVD based on the Arnoldi method, the most time-
consuming part is the matrix-vector multiplication. The
matrix-vector multiplication can be factorized into two
successive tensor-vector multiplications as shown in the
lower row of Fig. 1. By this way, generating a large inter-
mediate tensor can be avoided. This procedure requires
only the memory footprint of O(χd+1) (to store χ vectors
of length χd) and the computation cost of O(χd+3).
IV. BENCHMARKS
In order to demonstrate the efficiency of ATRG, we ap-
ply ATRG to the two- and three-dimensional Ising mod-
els. In both cases, each axis (x and y, or x, y, z) is
renormalized 15 times alternately, i.e., the system con-
tains (215)d spins.
First, we discuss the two-dimensional Ising model on
a square lattice. The free energy density calculated at
the critical temperature, T = Tc = 2/log(1 +
√
2) [34], is
shown in Figs. 7 and 8. In Fig. 7, we plot the absolute
error of the free energy density as a function of bond
dimension χ. We calculate up to χ = 108 (χ = 58)
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FIG. 6. Factorization of matrix-vector multiplication in
SVD. The upper row is the original procedure [step (b) and
(c)] presented in Fig. 1. The memory footprint of the in-
termediate tensor is O(χ2d). In the lower row, the matrix-
vector multiplication in partial SVD is factorized in two suc-
cessive tensor-vector multiplications. This procedure reduces
the memory footprint from O(χ2d) to O(χd+1) and also re-
duces the computation cost from O(χ2d+1) to O(χd+3).
for TRG and ATRG (HOTRG). For all χ, the result of
ATRG is between those of TRG and HOTRG. Note that
ATRG has the same computation cost as TRG, while
the cost of HOTRG is higher. In order to investigate
the performance of ATRG more precisely, we compare
the χ dependence of the error with fixed computation
time. For that purpose, we introduce the leading-order
computation time τ (dimensionless quantity) defined as
τ =
{
χ5 for TRG and ATRG
χ7 for HOTRG
(18)
based on their leading computation cost. In Fig. 8, we
plot the absolute error of the free energy density as a
function of τ for the three methods. With fixed τ , ATRG
has the smallest error among the three methods. In
ATRG, partial SVD is the most expensive operation,
while it is the contraction in HOTRG. In practice, the
partial SVD takes much longer time than the contrac-
tion, even when their computation costs are in the same
order. Thus, the actual performance difference between
ATRG and HOTRG is smaller than Fig. 8, though ATRG
becomes more and more advantageous for larger χ due
to the difference in order in computation cost [Eq. (18)].
It should be mentioned that the present method suffers
from larger and nonmonotonic fluctuations in the con-
vergence of the error. This observed behavior is prob-
ably related to the two independent truncations in the
ATRG renormalization procedure. Because ATRG opti-
mizes only the local tensors in each truncation, increasing
χ does not necessarily improve the accuracy of the free
energy, which is determined by the global tensor network.
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FIG. 7. Absolute error of the free energy density of the two-
dimensional Ising model at T = Tc as a function of bond di-
mension χ calculated by TRG (black squares), HOTRG (blue
circles), and ATRG (red diamonds). Even though ATRG has
the same computation cost as TRG, it produces more accu-
rate results than TRG.
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FIG. 8. Absolute error of the free energy density of the two-
dimensional Ising model at T = Tc as a function of leading-
order computation time τ [Eq. (18)] calculated by TRG (black
squares), HOTRG (blue circles), and ATRG (red diamonds).
ATRG achieves the most accurate results among the three
methods with fixed computation time.
The nonmonotonic convergence in ATRG should be sub-
jected to further investigation.
Next, we move to the three-dimensional Ising model
on a simple cubic lattice. In the three-dimensional case,
we compare ATRG with HOTRG. In Fig. 9, we show
the free energy density as a function of τ at T = Tc =
4.5115 [2, 35–37]. Here, we again define the leading-order
computation time τ for three dimensions as
τ =
{
χ7 for ATRG
χ11 for HOTRG.
(19)
In the present case, we calculate up to χ = 56 (χ = 27)
for ATRG (HOTRG). In Fig. 9, it is clearly demonstrated
-3.5085
-3.508
-3.5075
-3.507
-3.5065
-3.506
-3.5055
-3.505
-3.5045
-3.504
107 108 109 1010101110121013101410151016
fre
e 
en
er
gy
 d
en
sit
y
τ
ATRG
HOTRG
FIG. 9. Free energy density of the three-dimensional Ising
model at T = Tc as a function of leading-order computation
time τ [Eq. (19)] calculated by HOTRG (blue circles) and
ATRG (red diamonds). ATRG achieves much lower free en-
ergy than HOTRG with fixed computation time.
again that the ATRG gives the better (lower) free en-
ergy density than that of HOTRG for the same leading-
order computation time τ . We expect that the advantage
of ATRG over HOTRG should be more pronounced in
higher dimensions.
V. SUMMARY
In the present paper, we proposed the ATRG method
that can perform tensor renormalization operations with
computation cost of O(χ2d+1) and memory footprint of
O(χd+1) for d-dimensional hyper cubic lattices. The
computation cost and the memory footprint of the pro-
posed method are much lower than that of the con-
ventional HOTRG, O(χ4d−1) and O(χ2d), respectively,
which enables us to apply the tensor renormalization
method in higher dimensions. Unlike HOTRG, our al-
gorithm involves the truncation of the bond dimension
by using SVD when we swap the bonds of two ten-
sors. Due to this additional approximation, the accu-
racy in the final result degrades compared with HOTRG.
However, this disadvantage is compensated by the dras-
tic reduction of the computation cost from O(χ4d−1)
to O(χ2d+1). We confirmed that for two- and three-
dimensional Ising models our method achieve higher ac-
curacy than HOTRG with fixed leading-order computa-
tional time. Since ATRG is a real space renormaliza-
tion method similar to HOTRG, and preserves the lattice
topology after the renormalization, it can be applied to
various lattice systems in arbitrary dimensions
Finally, as we pointed out already, the partial SVD
is the most expensive operation in ATRG. The perfor-
mance of the partial SVD is thus essential in ATRG, and
development of more efficient and stable partial SVD al-
gorithms is desired for future application of ATRG to
6large-scale complex lattice systems.
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